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Atow dileril tt lhe night 


Watching the serenitv of Christmas skies, 


we are conscious of deep silence. Yet the 
stars are talking to us all the while—talking 
in radio waves that are full of meaning to 
scientists probing the depths of space. 


The important discovery that some stars 
produce radio waves was made by a Bell Lab- 
oratories scientist while exploring atmos- 
pheric disturbances which might interfere 
with transoceanic telephone service. His dis- 
covery marked the birth of the fast-growing 
science of radio astronomy. It 1s telling us 
of mysterious lightless stars that broadcast 
radio waves, and it promises exciting revela- 
tions about vast regions of space concealed 
by clouds of cosmic dust. 
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Directional radio antenna used by Karl G. Jansky, in the discovery 
of stellar radio signals at the Holmdel, New Jersey, branch of Be 
Telephone Laboratories. In 1932 he detected waves of 14.6 meters 
coming from the direction of Sagittarius in the Milky Way. 


It is another example of how Bell ‘Tel 
phone Laboratories scientists make broac 
and important discoveries as they seek ways 
to make your telephone serve you bette! 


BELL TELEPHONE LABORATORIES 


EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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Odum - Fundamentals of Ecology 


Dr. Odum gives the very tools necessary for man to understand his en- 
vironment and the interrelationships operating among plants, animals, 
microorganisms and his fellow men. This book is a truly well-balanced 
synthesis of the entire field of ecology. It will serve both as a college text 
and as a reference for workers in applied and related fields, such as wild- 
life conservation. 
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By Eucenr P. Opum, University of Georgia, Athens, Georgia. 384 pages, 5 
tions. $6.50. 












Braun - Bacterial .Geneties 


Two closely related subjects—hacteriology and genetics—have been suc- 
cessfully interwoven in this much-needed book. Its aim is to make the field 
of bacterial genetics easily understandable to bacteriologists and to research 
workers and students in genetics. It provides a basis for better evaluation 
of the relationship between bacterial genetics and pathogenesis, epidemiol- 
ogy, therapy, taxonomy, etc. 













By WerNer Braun, Ph.D. 238 pages, 6” x9”, illustrated. $6.50 New 





Routh - 20th Century Chemistry 


This new freshman text is designed primarily for use by students who do 
not intend to major in chemistry or to take further courses in chemistry. 
The author emphasizes general principles of the subject and points out ap- 
plications to everyday life. Combined with numerous illustrations, this 







presentation is thoroughly understandable even to students who have never 





had a course in science. 






By Josern I. Routu, Ph.D., Professor of Biochemistry, State University of Iowa. 564 pages, 6” x 8”, 
288 illustrations. $5.75 Neu 














Kinsey. Pomeroy, Martin & Gebhard - 
Sexual Behavior in the Human Female 






This report is based on data accumulated over the past 15 years in personal 





interviews with almost 8000 women; from special research studies in sex- 





ual anatomy, physiology, psychology, and endocrinology; and from an 
exhaustive study of the literature. 






By Arrrep C. Kinsey, Warpett B. Pomeroy, Crype E. Martin, Paut H. Gesuarp, Research As- 
sociates: and others on the staff of the Institute for Sex Research at Indiana University. 842 
pages, 6” x9”. 151 charts; 179 tables; 4 illustrations. $8.00. Neu 
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e Science and Technology * 


(From the Month’s News Releases) 


Projection Stand 

A combination storage cabinet and projection stand 
has been designed for audio-visual equipment protec- 
tion and portability. The unit is mounted on 3 in. ball- 
bearing swivel casters, ensuring complete mobility for 
movement of equipment. The all-metal unit includes 
ample speaker storage, a shelf for film and accessories, 
and a sturdy lock on the cabinet door. The top is of 
shock-resistant plywood, with surface area designed for 
dual projection. The stand is available in 34 Ib. and 70 


lb. SIZeS, 


Aluminum Putty 


Aluminum putty for sculptors and hobbyists models 
like clay and hardens into a solid piece without baking, 
flux or chemical treatment. It can be applied in ¥-in. 
coats over rigid wire or hardware screen armatures, or 
thinned for coating wood, cardboard, plaster, leather, 
canvas, and metals. 


Rodenticide 

Anticoagulant type of rat killer has insecticidal and 
fungicidal activities. The lethal effect of these new 
rodenticides depends upon multiple feedings of small 
quantities consumed over a period of days, effecting a 
minimum hazard to humans, farm animals, and domes- 
tic pets. When placed in bait stations located where 
rodents are known to feed, the tasteless, ordorless baits 
are consumed regularly with no signs of bait shyness. 
Rodents continue to eat until they die. The anticoagu- 
lant action imparts to cereal baits important resistance 
to insect infestations and the onset of mold, making it 


possible to store baits for long periods of time with less 


possibility of contamination, 


Trash Burners 

A redesigned line of outdoor trash burners features 
improved draft control and newly engineered grates 
and base pans that permit faster burning of damp, 
ereen, or dry refuse and garbage. These burners elimi- 
nate the fire hazards of burning, blowing scraps and 
minimize smoke and odor, ‘Vhey have been judged safe 


to use as close as 10 ft. from garages and out-buildings. 


Small Electron Microscope 

A small electron microscope is suitable for analytical 
work in research, medicine, pathology, and _ biology. 
The instrument utilizes an electron-optical system that 
includes condenser, objective and projective lenses. 
Magnification is continuously adjustable between 1500 
and 15,000 diameters. The resolving: power is better 
than 100 angstroms under average operating conditions. 
The electron gun is self-biased, and is equipped with 
The electromagnetic — deflection 


an emission meter. 


method is used for beam alignment and_ focusi: 


facilitated by means of a beam wobbler. Spec 
carriers for Yg-in. diameter grids and plates are a 
able, and a specimen airlock is utilized to obtain q 
working cycles. The operator is fully protected ag 
radiation under all circumstances. The microscoy 
approximately 74 in. high, 37 in. wide, and 25 in. ¢ 
The power supply is 220 volt, 50 or 60 cycles, and the 


power consumption is about 1 kw. 


Washboard Glove 


Light laundry can be 
Made of 


built-in washboard-type ribs that safely 


done with a washboard @ 


vinyl resin-base_ plastisols, the glove | 
scrub nylo1 
stockings, silk lingerie, gloves, baby clothes, and shir 
cuffs and neckbands. The flexible glove weighs 4 
and can be folded and carried in a pocket or overn 


bag. It is available in yellow, green, blue, and pi 


Cesspool Clogging 
A single safe application of a new bacteria discover 
sever 


prevents cesspool clogging the year around. 


new bacteria strains that continuously produce 
teolytic enzymes are combined with a group of fat ai 
carbohydrate splitting enzymes to prevent the excess 
accumulation of organic waste. The product prev 
undigested soil-clogging particles from reaching 
surrounding absorption field. The bacteria are not 
fected by bacteria-destroying soaps or detergents. It 
safe and easy to use and is not harmful to the plumb 
ing, the cesspool, or the bacteria therein. It is availabl: 


in quart cans. 


Windshield Protector 

A heavy plastic cover protects the windshields 
parked cars from ice, sleet, rain, and frost. The co. 
held in place by the car doors, can be removed quick 
Che plastic will not tear or stick to the windshield a1 
cold as low as 60° below zero. The pr 


will resist 


tector comes in a waterproof plastic bag, and can 


stored in the glove compartment while driving 


Telephone Index 
A new 
beneath the telephone, giving the impression « 
single unit. When the alphabetical index cards 
pulled out, the desired number is directly in front 
the telephone. Dialing may be done one digit 
time, without having to memorize the whole telep! 


telephone index is designed to fit dil 


number. The index base is made of plastic, with 
skid feet making the phone secure at all times. 


Address a post card to Science and ‘Technology, 1515 Massach 
Ave., N.W., Washington 5, D. C., for further information 
any item on this page. 
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ported Binocular Microscope at a $ 
IM substantial saving. Used for inspec- 
tions, examinations, counting, check- 
ing, etc. Fixed 3 power objective with 
100, 200, 300 Power A95 5 pairs of matched evepieces to give Pstpd. 


you powers of 15X, 30X, 45X. Rack and pinion 
! optical qualities. Fine focus- 
g. Certainly not the equal of a 
$200 instrument but definition is 95 


focusing. Interpupillary adjustment. Instrument 
singly clear and good... OCULAR 


is removable from base for mounting on equip- 
ment or bench. Working distance—2%”. Adjust- 
: 1 
fact amazingly so at this price. 3 OBJECTIVE 
Serviceable construction. The LENSES 


able for extra height. Fine hardwood case included. Recommended 
test microscope bargain on the RACK & 





for lab, shop, factory or home use. We guarantee complete satis- 
faction or your money back 
Stock No. 70,011-X : ~s++. $835.00 Petpd. 
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TRY IT FOR 10 DAYS... If REVOLVING Complete with Tripod Unusual Bargain Priee 





A beautifully made, sturdy, imported instrument with dozens of 
se Spots 22 caliber bullet holes at 200 yds. You can see 
the craters on the moon—observe, close up, birds, animals, 


not completely satisfied DISC-LIGHT 
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) MIRROR 
sau ARE STAGE see shipg far out at sea. Excellent for amateur astron 
ment comes packed in (2%"x mer All metal body—focuses from approx. 40 ft. to in 
hard wood case 9.5/8") with finity. Achromatic objective—40 mm. dia.—outside surface low 
SLIDE CLAMPS reflection coated. Smooth slide focusing eyepiece. Eye-lens out 
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ve Origin of Stars 
nd Galaxies 







D. TER HAAR 


This paper by Dr. Dirk ter Haar, like his earlier one, “The Age of the Universe,” 
[THE Screntiric MontuHty, 77, 173 (1953 is based on material which will 
appear in a critical and historical survey he is currently preparing. In_ this 
present paper he discusses five of the principal theories on the formation of 


] - } 
stars and galaxies 













HE scientifically minded human being is not — theory which, moreover, often uses the whole arse- 
satisfied to observe that according to as- nal of accessible general relativity, that is. general 






tronomers stars exist and can be found to- relativity applied to homogeneous systems.* The 





ther in huge agglomerations called galaxies. He main theories which we shall discuss are (1) Jor- 
mediately asks: “How were these stars and dan’s theory of continuous creation, (2) Gamow’s 
laxies formed? When were they formed? Are general discussion in connection with the a-B-y-the- 
ory‘ of the origin of the chemical elements, (3) The 
Bok-Spitzer-Whipple dust-cloud hypothesis, | 
Hoyle and Lyttleton’s accretion theory, and (5 


von Weizsacker’s general cosmogonical ideas. 






y still produced?” And so on. It is the purpose 
the present paper to discuss in broad outlin 







ume theories which try to answer some of these 





estions. Such theories are called cosmogonies 





At this point we would like to remind readers of 





‘nce they deal with the origin or genesis of our 
two facts which we mentioned in a recent survey 





uverse, and it must be regretted that so often the | see 
in this journal.® The first one is that some of the 





in cosmology is loosely used in this connection, 





brightest stars in our own Milky Way are using up 





e cosmology is a much wider term which is con- 
ned with the study of all aspects of the universe.’ 





their nuclear fuel so fast that they must have been 





created during the present epoch, that is, during 





eneral Cosmogonies vary enormously in scope and 
pose. Some of these theories discuss in detail the 
mation of stars and galaxies, whereas others are 
ntent to sketch the general framework in which 
lormation of stars and galaxies presumably take 





the last few billion years.° The second fact is that 





there are a great many independent indications that 





about three billion years ago “something” hap- 





pened, and that the universe as we observe it has 





ilace without considering the actual formation in  ¢Xisted in practically the same state for the last , 






detail. We shall be mainly concerned with the * The restriction to homogeneous systems may well be 
, a very serious one, as even the slightest inhomogeneity 


‘kind of theory, while a recent monograph by 
- ‘ } : , may change the conclusions reached for a homogeneous 
“ond: is mainly concerned with the second kind of © system 







Fic. 1. The spiral nebula M51. (Photo by Mount 


Wilson and Palomar Observatories. ) 
three billion years, but that most probably the situa- 
tion before that period was completely different. 


Observational Data* 

Before starting our main discussion of general 
cosmogonies we shall give a brief survey of the 
observational data which are relevant to our dis- 
cussion. Our Milky Way is one of the many con- 
centrations of stars in the universe known as 
calaxies. These galaxies, or extragalactic nebulae as 
they are sometimes called, occur in different forms. 
Some of them seem to be ellipsoidal, ranging from 
practically spherical nebulae to elliptic nebulae for 
which the ratio of the projected axes is as high as 
three. A second class are the so-called spiral nebulae 
which consist of a central nucleus from which spiral 
arms start (see Fig. 1). Our Milky Way is probably 
such a spiral nebula. A third class is that of the 
barred spirals. In their case, the spiral arms start 
at the end of a straight “bar” which extends across 
the nucleus of the spiral (see Fig. 2). Finally, there 
are the irregular nebulae which have no definite 
structure at all. 

We may mention in passing that our sun is situ- 
ated far outside the center of the Milky Way which 
is an extremely happy circumstance for, if we were 
situated in the center of our galaxy, the whole sky 
would be between ten and a hundred times as 
bright as the sky at full moon which would seri- 
ously interfere with astronomical observations in 
the photographic region. 


* We have taken the material for this section mainly 


from an earlier survey article.’ 
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Galaxies often occur in groups. Thus 
Milky Way is in fact a member of the 
local group which contains at least th: 
nebulae, six elliptic nebulae and fou 
nebulae. Larger groups are known, howe 
the so-called Virgo and Coma clusters (called a! 
their position in the sky in certain conste!!ationgl 
contain about one thousand galaxies. The 
size of a galaxy in such a cluster is proba 
of our own Milky Way, that is, such a gal 
tains a few hundred billion stars and has a ra 
of a few ten thousands of light years.t The rad 
of a cluster of galaxies is of the order of magni 
of a million light years. 

In many ways our Milky Way is a rather averag 
galaxy, and for a description of smaller concent: 
tions of stars and of matter in general we now tug 
to our own Milky Way. One must, however, bea 
in mind that other galaxies contain the same king 
of mass concentrations. In our Milky Way wi 
many agglomerations of matter which are not star 
For our discussion we need be concerned only wit 
those gas masses which have no direct connect 
with stars, the so-called interstellar gas clouds. Bé 
tween the stars there exists a large amount of maf 
ter, mainly in the form of hydrogen atoms. Thi 
density of this interstellar gas is extremely smal 
there are only a few atoms per cubic centimeter 
However, owing to the large distances in our galaxy 
and especially between the stars (the average di 
tance between two stars is of the order of a fe 
light years), the total mass of interstellar gas 
practically the same as the total mass of all tl 
stars in the galaxy. 

This gas is not evenly distributed between tl 
stars. In places its density is between ten and a hu 
dred times larger than the average. These places 
higher densities are the so-called interstellar 
clouds. These clouds extend over tens of light year 
and their total mass is of the order of a few tho 
sand times the mass of the sun. These clouds consi 
of two types, the so-called dark clouds and the s 
called reflection or emission nebulae (Figs. 3 < 
4). Figure 3 gives a picture of a part of the Mik 


Way which is obscured by such a dark cloud. | 


} 


such a dark cloud small solid grains can form, th 
so-called smoke particles.§ Their presence is show 
by their scattering properties. Their dimensions a 
of the order of the wavelengths of visible light, an 


+ One light year is the distance traveled by 
one year and is equal to six million million miles 

t Compare this with the more than ten billior 
molecules per cubic centimeter in ordinary air. 

§ The term smoke was coined by the Dutch ast 
van de Hulst® to indicate the mode of formatio! 
solid particles. 
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itter blue light more strongly than red light, 
oducing a reddening of the stars whose light 
s us through interstellar clouds. 
emission and reflection nebulae are gas 
which are illuminated by neighboring stars. 
stars excite the atoms, and they in turn emit 
on. Figure 4 shows such a nebula. 
far as extragalactic nebulae are concerned, 
tic nebulae do not contain interstellar clouds. 
rregular nebulae and spiral nebulae do, the 
especially in their arms. 
‘ stars in our galaxy themselves often occur in 
ips or Clusters. The galactic or open clusters 
iin from a score to a few thousand stars and 
istances between the numbers of such clusters 
relatively large. On the other hand, the spheri- 
| or globular clustérs contain at least fifty thou- 
nd stars which are very near together. 
In this connection it is of interest to mention 
Baade found that, 


] ) 


iade’s two star populations.’ 


ghly speaking, most stars fall into two distinct 


xoups, called stellar populations I and II. Popula- 


n II contains stars like the sun which on the 
hole are found in the center of spiral nebulae o1 


elliptic nebulae and in globular clusters, and 


The barred spiral NGC 1300. (Photo by 


Observatory 


1953 


Fic. 3. “‘Horsehead” nebula in Orion. (Photo by 
Mount Wilson and Palomar Observatories. 


which generally rotate slowly.* Population I taken 
by and large contains stars brighter than the sun, 
which are found in spiral arms and open clusters. 


Their rotation is often fast. 


Continuous Creation? 


Most general cosmogonies make the basic as- 
sumption that during the last few billion years, 
which is the period with which these cosmogonies 
are concerned, the laws of nature have been the 
same as we assume them to be at the present and 
that also the total mass of the universe has not 
changed during this period. In this case one is deal- 
ing with a more or less well-defined problem with 
well-defined rules which have to be observed dur- 
ing the solution. In Hoyle’s theory of continuous 
creation of matter, however, one introduces neces- 
sarily more or less ad hoct new concepts and one 
investigates their consequences. 

Untortunately the theories of Hoyle and Bondi 
and Gold"! are so bound up with general relativity 
that it 1s impossible to give a qualitative pi ture of 
these so-called steady-state theories beyond the to 
mark that in these theories matter is created at all 
times. One might ask how it is possible to bring 
these theories, which have no definite ‘“‘starting 
time” for the universe, in line with the great 
amount of evidence to the fact that about three 
billion years ago “something” happened. 

A COSMOEony which to some extent 1S related t¢ 
these theories is the one developed by Jordan,’* in 

* Our sun, although belonging to population IT, is a 
slight exception in so far as it is not situated in the cente1 


of the Milky Way but well outside, a position which is 
not characteristic of stars of the spectral type ol the sun 

+ It is in this connection of interest that the term in 
troduced by Hoyle in the equations of general relativity 
which is responsible for the creation of new matter, wa 
very carefully discarded by Einstein when he formulated 


these equations 





emission nebula 12 Mon. Photo by 


Fic. 4. The 
Yerkes Observatory 


so far as also in Jordan’s cosmogony matter is cre- 
ated continuously, but in this case only for the last 
few billion years and not since time immemorial 
as in the steady-state theories. ‘The starting point 
of Jordan’s ideas are two papers by Dirac,’* which 
we may discuss briefly. 

Dirac notes that there is strong experimental evi- 
dence that the mass and charge of an electron, the 
velocity of light, the mass of a proton (or of a hy- 
drogen atom), and the quantum of action are real 
constants, that is, are independent of time. Using 
these universal constants, we can construct by di- 
mensional analysis an elementary unit of time.* 
If we divide the age of the universe by this unit we 
get a pure number, that is, a dimensionless quan- 
tity, which is very large, namely about 10*°, that is 
ten thousand billion billion billion billion. 

Another dimensionless quantity can be found by 
taking the ratio of the electric force between a pro- 
ton and an electron to the gravitational force be- 
tween these two particles. Once again we get a 
large number equal to about 10*°. The fact that 
these two numbers which involve completely dif- 
ferent quantities are nevertheless of the same ordet 

" distance 


Chis unit is the time heht takes to travel a 


which is equal to the so-called classical electron radius 


of magnitude led Dirac to the following p 
“Any two of the very large dimensionless n 
occurring in Nature are connected by a 
mathematical relation in which the coeffici: 
of the order of magnitude unity.” 

If one accepts the principle as fundamer 
follows that the gravitational constant sho 
inversely proportional to the age of the un 
since of the two large numbers which we dis 
earlier the first one is proportional to the 
the universe and the second one inversely p) 


tional to the gravitational constant. 


By a similar argument Jordan shows that 


total mass of our universe is proportional 
square of the age of the universe and that 
radius 1s proportional to the age itself 
é 1 ai 
universe! ) .4 

Having arrived at an increasing mass of th 
verse, Jordan continues his considerations by 


cussing the formation of stars. This part 


expand 


cosmogony is rather sketchy and open to criticis 


but certainly provides a fascinating speculatior 
the formation of stars. Jordan assumes that st 


are born spontaneously (Spontanentstehun: 

shows that a spontaneous birth of matter will 
to bodies with masses of the order of 
of the solar mass, provided this creation leave 
total energy of the universe zero. The birth 


of such new stars are identified with the so- 


supernovae. A supernova is a star which sudd 


produces an enormous  brightness—much 


than the brightness of an ordinary star like the 


Gamow’s Cosmogonical Ideas 


macenit 


al 


PY 


Gamow, Alpher, and Herman* have develop 


a detailed theory to account for the fact that 


many different chemical elements exist. In 


theory, which we cannot discuss here, they ass 
that about three billion years ago the density 


our universe was much higher, its decrease beu 


due to the expansion of the universe, whi 
governed by the equations of general rel 
During this expansion density fluctuations 
occur and these may lead to “condensations,” 
is, a region of slightly higher density may 
this higher density or even increase its densi! 
that the universe which originally was hom 
ous will become inhomogeneous and popula! 
ass concentrations. These mass concentrat!’ 
+ It is interesting to note that if these relations al 
the total kinetic energy and the total potential 


of the universe ar 
is tempted to assume lt! 


which has a negative sign 
nately equal, so that one 
total the 


/CTO 


energy content of universe is exactly ¢ 
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-called proto-galaxies, that is, from them the 
ilaxies are developed. 


A formation of mass concentrations from density 





tuations is called the process of gravitational 





tability."* One can see how it can become im- 





ortant. A mass of gas will expand into space, if 
is temperature is so high that the kinetic energy 
{ the gas particles is larger than their potential 






nerey In the gravitational field of the gas mass 





wsell.* The larger the total mass, the larger are its 





ientive powers, but small masses will disperse. 





Gamow'’ has shown that the smallest gas masses 





shich can form a stable concentration of mass are 






{the right order of magnitude, that is, of the order 
i the mass of our Milky Way. He has not, how- 
ver, developed this cosmogony any further and, for 






stance, has not considered the formation of stars. 





The Dust-Cloud Hypothesis 






that interstellat 


ouds contain small solid particles, the so-called 


We mentioned earher some 






moke particles. These smoke particles will be sub- 





ct to radiation.pressure from the star. In the same 





ay as the bombardment by gas particles on a wall 





(a container produces the ordinary gas pressure, 





¢ bombardment by light quanta will produce the 





w-called radiation pressure. In most circumstances 





idiation pressure is much smaller than gas pres- 





wre, but in interstellar space, the density of the gas 





‘so small that radiation pressure will become im- 





ortant. The first effect of radiation 





pressure on 







noke particles is that it will blow together smoke 





louds, that is, interstellar clouds containing smoke 





arucles, to form regions of much higher density.'® 





Such regions of high density can sometimes be seen 





‘small globular dark objects, and some of them 





ave been studied by Bok,’* who sees these as the 





ist stage of star formation. The further develop- 
dark 


and Spitzer. 





nent of such clouds has been studied by 






S 
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Whipple! 





This development takes place in three stages. In 





ie first stage the radiation pressure continues to 





weep smoke particles together. Figure 5 shows how 





ils may happen. Smoke particle IT will cut out 





ome of the radiation which otherwise would have 


len on particle I] 





from the left. This shadow 





Hect will have as a result that the radiation pres 





ve on particle LL will not be uniform, but will 
the 


thus pushing particle II toward par- 





a resultant Component in direction ot 


article | 







arising in the case ot 
could retain an 


similar situation 
ary atmosphe res The 


phe re, since its mass and hence its eravitational field 





tipare al 





moon not 





sufficiently large 








ber 1953 
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comin I 
_™ 
at 
Fig. 5 
ticle I. This ‘tmock gravity” torce, as it 1s some- 


times called, will in the first stage of the develop- 
ment of the dark clouds be much larger than the 
gravitational force between the two particles. As a 
result the smoke particles in the dark cloud will 


“oravitate’ toward the center. 


The first stage will end when the cloud has be- 
come opaque to stellar radiation. The concentra- 
tion will slow down until in its last stage gravita- 
tional capture by the central mass conglomeration 
will again produce a fast increase in mass. 


Although on the one hand the theory leads to 
mass concentrations of the right order of magni- 
tude, that is, with masses of the order of the solar 
mass, and on the other hand dark clouds such as 
occur in this theory have been observed, there are 
many reasons why one must be extremely wary in 
accepting the smoke cloud origin of stars as the 
only, or even the predominant, method of star 
formation. It seems far more likely that the proc- 
esses studied by Whipple and Spitzer will play an 
important role in a more general cosmogony such 
as the one presented by von Weizsacker, but that 
they seldom will lead to the 


by themselves very 


formation of a star. Some of the reasons for this 
the 


A quantitative analysis of the process 


statement are following ones, first given by 


Whipple. 
shows (1) that relative velocities in the cloud must 
be extremely small since otherwise the process will 
first of all be retarded and secondly is likely to be- 
come impossible because of increasing rotation of 
the proto-start and (2) that it is doubtful whether 
the brightest stars in our galaxy can be produced 
in this way.t How far these difficulties can be sur- 
mounted by taking into account the influence of 
electromagnetic fields, as suggested by Spitzer, re- 


mains to be investigated.§ 

must be conserved, the 
during its contraction 
force which will act 


+ Since angular momentum 
rotation of the cloud will increase 
This will lead to large centrifugal 
against the forces producing the concentration of matter 
toward the center 


t As soon as the central inass begins to resemble 
it will radiate and the radiation 


pressure will prevent a further agglomeration of mass 


a Stal 


also begin to ensuing 


$In a different conneetion it has been suggested: 
that such effects can be important in the slowing down of 


stellar rotation 










The Accretion Theory 

Just after the war, Hoyle*! also investigated the 
possibility of the formation of stars from the inter- 
stellar gas. ‘To a large extent his considerations are 
complementary to those of Whipple and Spitzer, 
and we shall therefore discuss them separately. As 
Hoyle does not take into account the influence of 
turbulence in the interstellar medium, many of his 
conclusions must be revised, if not qualitatively at 
least quantitatively. 

Hoyle’s investigations fall into several parts. First 
of all, he shows that the interstellar gas substratum 
in a galaxy will be concentrated to the equatorial 
plane of the galaxy, that is, the plane through the 
center perpendicular to the axis of rotation.* From 
the observational data about the total mass of a 
galaxy and its mass distribution, Hoyle is able to 
estimate the density of the interstellar medium in 
an average galaxy such as our Milky Way. He then 
considers the evolution of a region where the den- 
sity is accidentally higher than the average den- 
sity, In much the same way as Whipple starts his 
considerations. Hoyle shows that the larger the 
mass of the proto-star, the faster the rate of con- 
centration toward the center will be. However, this 
will mean that laree mass concentration will stand 
a very large chance of being disrupted by rotational 
instability. We can see this as follows. A large con- 
centration of mass at a certain distance from the 
center of the galaxy will usually be rotating because 
the parts nearer to the center of the galaxy will 
move around this center at a higher angular ve- 
locity than those parts which are farther removed.t 
This means that the cloud possesses angular mo- 
mentum, which must be conserved during its con- 
traction. ‘This conservation can be attained only if 
the mass increases its rate of rotation and, in turn, 
this can happen only as long as the centrifugal 
force due to this rapid rotation is smaller than the 
eravitational force which is holdine the mass to- 
gether. For large masses the concentration Is so fast 
forces will, indeed, in most 


that the centrifugal 


cases break up the proto-star before a real star 1s 


born. Hoyle sees this as the reason that in out 


valaxy most of the stars are smaller than the sun 
and that very few are larger. 
In the case of smailer proto-stars, the concen- 


tration is much slower, and Hoyle considers it pos- 


sible that the proto-star while moving through the 


* Hoyle actually finds a concentration toward this plane 


which is much stronger than the concentration of the 
stars in the galaxy, but this conclusion 
longer valid, if turbulence is taken into account. 

+ Compare similar considerations in the discussion of 


of star clusters 


scems to be no 


the ave 
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galaxy can sweep up a sufficiently large amo 
material without angular momentum to coun 
the centrifugal instability and at the same ti 
provide most of the matter of the final star.t 
In this framework Hoyle and Lyttleton 
also considered the formation of binaries. The 


vest that binaries are formed through chan¢ 


counters between two stars whose mean distanc: 


apart is decreased through accretion of inters 


Inatter. 


von Weizsacker’s General Cosmogony 
If we do not wish to leave the realm of pr 
day physics, as is done by Jordan, and at th 


time wish to consider cosmogony in the frame. 


of classical physics, that is, without using genera 


relativity, we still can arrive at a picture of 
formation of stars and galaxies. This was recent 
shown by von Weizsacker,?* who drew attentiot 
the importance of turbulence and rotation in 
universe. As we think that his considerations 
probably the most worth while of all recent 


shall 


slightly more detail than we have done wit! 


eral cosmogonies, we discuss his idea 
other cosmogonies. 

As working hypotheses von Weizsacker uses 
following assumptions. (1) Stars and galaxies | 
been formed during the present epoch, that is 
ing the last few billion years, and are still b 
formed. (2) All the laws of physics have bec1 
same as at present during that period. (3 
filling the universe was, and is, composed ot 
relative al 
Different pa 


of the gas had large relative velocities. von Wei! 


chemical elements with the same 


dances as we find at present.§ (4 


sacker assumes that one must look for the ori 


these relative velocities which may accordin 


him be connected with the expansion of the 
verse to periods before the present epoch. Gamow 
the | 


bility that our universe as a whole is rotating s! 


on the other hand, has remarked that 


not be excluded a priori. ‘This rotation might 
be the reason for the initial turbulenc 


von Weizsacker starts his considerations b 


} 
} 


vidine all celestial bodies or collections of b 
into three groups according to their degr 

t This last cone lusion ol Hovyle’s seems to be ratl 
founded. A quantitative analysis of the process s 
indicate that accretion can account only for a very 
proportion of the mass of the final star. 

§ This hypothesis is really irrelevant to von Weizsa 
discussion, and it can be shown®4 that it is probabl) 
necessary assumption cither as there are probably pre 
in nature which have been active during the present 
and which will produce a relative abundance distri 
of the chemical elements such as we find at present 
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onal symmetry. Group I comprises those 


tures which show spherical symmetry; these 


tures are either non-rotating or very slowly 
ing. Group II contains all structures with 


The 


p III. Typical examples of group I are the 


ional symmetry. irregular bodies form 


herical star clusters, stars like the sun and smalle: 
the earth, and the other 
the 


iade’s population IT), 
nets. ‘Typical examples of group IT are 
iptic and spiral nebulae, the bright stars ( Baade’s 
pulation I), 


llite systems, and Saturn’s rings. Irregular neb- 


binary systems, planetary systems,* 


star clouds, open star clusters, and interstella1 

as and smoke clouds belong to group IIT. All the 
ystems in group III show “cloudiness”; some of 
e systems in group IT show cloudiness, but others 
0 not; none of the systems in group I is cloudy. 
(his cloudiness points to turbulence, as can be seen 
rom the following. Cloudy structure means fluc- 
jations in density and hence in pressure. ‘Thus cur- 
nts will be set up to counteract this cloudiness, 
nd it is only possible to retain a cloudy structure, 
the currents correspond to a turbulent state, since 
therwise the situation would approach an equi- 
brium condition where there are no density fluc- 
tions—hence no cloudiness. It turns out that 
ne can also conclude from dimensional consider- 
ons that systems in which interstellar gas is pres- 
t will be in a turbulent state.t However, one can 
iow that a system such as a spherical nebula, 
hich does not contain any interstellar gas but only 


us, will not show turbulence.? 


Let us now consider the development of a uni- 
‘rse filled the 
rbulence, some eddies, or turbulence elements. 


with a turbulent gas. Owing to 


vill be regions of slightly higher density and may 


as a potential hole, or trap because of the 
ightly larger gravitational field streneth inside 
‘articles entering this potential hole will gain 


nergy because of the difference in gravitational 


\lthough the sun, the earth, and other planets them- 
belong to group I, since they are practically speak 
hheres, the planetary system taken as a whole has 
rotational and not spherical symmetry and thus bi 
to group af. 


‘(ne must calculate the so-called Reynolds number. 
is a dimensionless quantity measuring the ratio of 
hearing forces due to velocity differences and the 
is forces which tend to level out velocity differences 
Reynolds number is larger than a certain critical 
turbulence will occur, but if it is smaller than its 
value, the movement will be laminar, that is, 


ich a system can be compared to a so-called Knud 
s. The mean free path of the stars, that is the dis- 
over which a star will travel before it encounters 
r star, is large compared with the dimensions of 
stem 
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ber, 


field streneth. This gain of energy should enable 


these particles to leave the turbulence element 
again, were it not for the interaction with the mate- 
rial In the element through which they will lose 


their excess enerey It thus seems possible that 


such a turbulence element may grow in mass, and 


that in this way the universe may be divided int 
Many rotating subsystems which we shall call proto- 
evalaxies 

Inside SU hy a proto-galaxy there are again turbu- 
lence elements, and a process similar to the one 
leading to the proto-galaxies may take place, lead 
ing to smaller rotating subsystems, say proto-clus- 
ters. ‘This process will go on re peating itself as long 
als turbulence EXIStS inside the proto-bodies, and 
in successive steps proto-stars, proto-planets, and 


proto-satellites may be formed 


One must bear in mind, of course, that the pic- 


ture given here 1s extremely simplified. In reality 


there may be many more steps, and the steps will 


proceed simultaneously and more or less inde- 


pendently. One of the intermediate steps may, {o1 


instance, be the formation of proto-clusters of 


galaxies corresponding to systems such as the Virgo 


cluster. 
Before we discuss the further development ol 


such rotating proto-systems we may consider in 


slightly more detail the formation of the sequence 


of proto-systems of decreasing size. In general, we 


may expect that the linear dimensions of a turbu- 
lence element will be about an order of magnitude 


smaller than the dimensions of the whole system 


‘The mass of a proto-system will then be smallet 


than the mass of the preceding proto-system by at 


least a few orders of magnitude, say. by a factor of 


about a hundred to a thousand. This mass ratio 


will be preserved, if in the subsequent develop- 


ments essentially the same fraction of the mass js 


lost. It is therefore perhaps not irrelevant that a 


cluster of galaxies contains about one thousand 


galaxies, that a galaxy contains about a million 


times as manv stars as a star cluster, and that a 


star cluster contains about a hundred thousand 


and that the sun’s mass is about one thou- 


Stars, 
sand times the mass of Jupiter, and Jupiter's mass 


about ten thousand times that ot its largest satellite 


§ Compare a similar situation which arises in the for 
mation of the 
where the incident particle also loses its excess energy 
through with the nucleons in the target 


nue le us 


compound nucleus in nuclear reactions 


interactions 


a thousand 
valid—-for 


should take our rule of a factor of 
universally 
we should expect that 


If we 
between 
which there are no 
galaxy and 
cluster and a st ir, a system Is Mm 


successive Stages to be 
good reasons 
between a a star cluster, and between a star 
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A completely simultaneous formation of all 
proto-systems will, however, not be realized. The 
size, and thus the mass, of the smallest turbulence 
element is determined by the density in the sys- 
tem.*® ‘Taking for the density the overall density 
in our universe we find for the mass of the smallest 
turbulence element a mass of the order of mag- 
nitude of the mass of our galaxy. Inside the proto- 
galaxy the motion will not be turbulent, but lam- 
inar. In this picture we get thus the simultaneous 
formation of proto-clusters of galaxies and _ proto- 
galaxies, but not of proto-clusters, proto-stars, and 
so on. These will be formed only as soon as the 
density through concentration of matter has suff- 
ciently increased to allow turbulence to be set up 
inside the proto-galaxy. When the density has 
reached a value equal to the present density in 
our galaxy, the smallest turbulence element has 
just about the mass of a star cluster. The mass of 
a star is reached for densities such as are found in 
dense interstellar clouds, and so on. 

Let us now consider the development of a rotat- 
ing proto-system. The rotation of a system is the 
remnant of the angular momentum of the turbu- 
lence element. The only rotational motion of a 
gaseous system which does not consume energy 
through viscous interaction is the rotation of a 
rigid body where all points have the same angular 
velocity. The loss of energy, which as we shall see 
presently entails dissipation of the system, will cease 
only when the state of rigid rotation has been at- 
tained. However, a free gas mass, such as a proto- 
system will be, will not rotate rigidly, since the 
rotational velocity will be determined by the gravi- 
tational field. In general, in a proto-system there 
will be a concentration of mass toward the center, 
and the rotational velocity will decrease with in- 
creasing distance from the center. Also, the cen- 
trifugal forces which are acting on a rotating mass 
will tend to flatten the system, and it can be shown 
that, indeed, a proto-system will have a lens rather 
than a spherical shape corresponding to the ob- 
served shape of most galaxies. 

Once some concentration toward the center has 
taken place, subsequent developments will accen- 
tuate it. As the velocities decrease when we move 
away from the center, the outer regions will try 
to slow down the inner regions through viscous in- 
teraction. This will result in concomitant 
effects. (1) The rotation of the central part will 
be decelerated, thus decreasing its angular momen- 


two 


tum and postponing the moment at which rota- 
tional instability will occur. (2) Part of the outer 
mass will fall into the center, thereby gaining suffi- 
cient gravitational energy to allow other parts to dis- 
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Fig. 6 


appear from the system, taking with them angula 
momentum. 

One can ask how long it will take a system 
become reduced to its central concentration. vor 
Weizsacker? 
tially equal to the time it takes a turbulence eli 
ment in the system to wander from the edge of th 


has shown that this period is esser 


system to its center. This same period is also aj 
proximately the time during which the proto-sys 
tem will lose most of its rotation. If this perio 
is long compared with the length of the prese1 
epoch, which is a few billion years, the system wi 
not yet have lost much of its rotation, and we shal 
call it a young system. If, on the other hand, th 
period is small compared with the length of 1 
present epoch, the system will have lost most of its 
rotation, and we shall call such a system an 
system. We have thus found a first criterion fo 
the age of a system. The faster the rotation, 
younger the Of Weizsacker’s 
groups of systems mentioned a little while ag 
group I contains the and group III th 
youngest objects. We must emphasize that the ag 
of a system as defined here is measured in its ow! 
time scale. Of two systems which were formed 


t 


} 
i 
] 
{ 


system. von 


oldest 


the same time, one may be young and the o 
more rapidly than oth 


rs 


old. Some systems age 
so to speak, and the rate of aging is detern 
by the rate of dissipation. 

As far as extragalactic nebulae are concern 


ne 


( 


von Weizsicker?® has shown that both the criterio! 


of rotation and the criterion of the ratio ot 
of dissipation and length of the present epoc! 
to the conclusion that spherical nebulae a1 
oldest, the elliptic nebulae come next, the: 


spiral nebulae and finally the irregular neb 


tn 


that owing to now « 


* It is amusing to note 
nebulae, 


ideas of the evolution of extragalactic 
nebulae are called early type galaxies, and spiral 

regular nebulae late type galaxies, since it was as 
that elliptic nebulae would develop into spiral nebu 
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tier criterion for age is the absence or presence 
interstellar gas. In the early stages of the evolu- 
n of a galaxy interstellar gas will be present, and 





ars with extended envelopes will continually in- 





change matter with their surroundings.*’ In later 
iges, however, all or practically all of the gas will 






we disappeared from the system or have been 
wept up by the stars. This criterion also indicates 


at elliptic nebulae are old and irregular nebulae 







ing systems. 
We may mention here that the spiral structure 





galaxies easily follows from the rotation of an 
regular cloudy system.** To illustrate this we have 
rawn Fig. 6. Part (by of this figure shows the 


esult of a rotation of a rectangular mass (a), if 







e angular velocity decreases with increasing dis- 





ince from the center. The situation (b) is reached 
‘ter the points A and B in (a) have completed one 
mplete revolution around the center and the for- 







ation of two spiral arms is clearly shown. 





Let us now consider the age of stars, again, of 
nurse, With respect to their own time scale. We 






iw earlier that bright stars, the so-called early type 
vars, are on the whole rotating at a fast rate, while 
he not so bright stars, the so-called late type stars, 
how little or no rotation.* We may thus conclude, 







j 


nd this conclusion is borne out by a further dis- 
ission as we shall see, that early type stars are 







ung, and late type stars old. 





If our classification of stars is correct. we should 






\pect early type stars to be found mainly in spiral 





nd irregular nebulae, while the nuclei of a spiral 
ebula and elliptic nebulae should contain mainly 
te type stars. This 1s, indeed, the case. Further- 






ore, spherical or globular star clusters contain 
ainly late type or old stars while open clusters 






mtain young stars. This again is in agreement 





ith the general picture that group I should con- 
iin old systems and group III young § systems. 
we may remind ourselves that the lumi- 






Finally, 






sity of early type stars is so great that they are 





ing up their nuclear fuel so fast that their lifetime 





in be only a few million years, whereas late type 





vars have a much smaller energy output.* ® Once 





vain we are led to assign the label “young” to the 





* We refer the reader to Struve’s work?? 2° for a thor- 
th discussion of stellar rotation and its cosmogonical 






ncance. 
We restrict ourselves in our discussion to the so-called 
n sequence stars. The main sequence stars form about 






') per cent of all stars in the neighborhood of the sun.° 
ff the remaining 5 per cent about 1 per cent is giants, 
bout 3 per cent white dwarfs, and about 1 per cent sub- 
warfs. We refer the reader to astronomical textbooks 
ich as Russell, Dugan, and Stewart’s*! for a discussion 
{ the various types of stars. As far as our discussion is 
neerned, early type stars coincide with Baade’s popu- 
ition IT and late type with his population IT. 
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early type stars and the label ‘“‘old” to the late type 
We that 


form a consistent set and that in general it is pos- 


stars. see thus the various age criteria 


sible to assign uniquely a system to an old or a 
young group. 

We may remark here that if stars are formed 
from proto-stars which are turbulence elements in 
a turbulent proto-galaxy, we should expect a corre- 
lation between the mass distribution among the 
and the mass distribution 


Such 


various types ol stars 
among the various sizes of turbulent eddies 
a correlation does, indeed, exist. 

In conclusion we may consider briefly the fate 
of the early type stars. We saw that, on the one 
hand, they were rotating rapidly and, on the other 
hand, they were using up their hydrogen, which 
is their nuclear fuel, at a fast rate. One might ask 
what will happen first. Will they lose their rotation 
before exhausting their hydrogen, or will they ex- 
haust their hydrogen before their rotation has dis- 
appeared? von Weizsacker concludes that both 
cases are possible. In the latter case the star will 
first contract after its hydrogen is exhausted, in 
order to obtain the energy which it is losing through 
radiation from its own gravitational field. This con- 
traction will proceed only as long as the centrifugal 
force at the equatol of the star due to its rotation 
is smaller than the gravitational force. Because of 
the conservation of angular momentum the cen- 
trifugal force will increase during the contraction 
and an explosion may take place.* This explosion 
might well be similar to the so-called supernova 
phenomenon where a star is suddenly seen to in- 
crease its luminosity enormously. It is also possible 
that during the explosion heavy nuclei are formed, 
since the density in the star just before the ex- 
plosion may well be of the order of nuclear densi- 
ties and thus sufficiently high for the formation of 
heavy nuclei. A detailed discussion of this process 
would, however, lead us too far, and we therefore 
refer the reader to the literature.* 7 74 

If stars lose their rotation before exhausting their 
hydrogen they will not die young, but become old 
stars, that is, they may become late type stars. We 
may briefly consider how stars can lose their angu- 
lar momentum.*? The following mechanisms have 
accretion of matter with zero 


angular momentum, (2 


been suggested: ] 
slowing down of the rota- 
tion’ through viscous interaction inside the proto- 
star, (3) electromagnetic braking, and (4) the for- 
mation and shedding ot extended gaseous shells. 
von Weizsacker considers the last mechanism to be 


+ It must be remarked that the contraction is 
dynamic process and not 


equilibrium configurations 


a rapid 
a slow development through 






responsible for the slowing down of the rotation. 
but the process cannot easily be analyzed quanti- 
tatively, and it remains therefore at the moment 
an open question whether or not this mechanism 
can be sufficient. We mentioned earlier that the 
total amount of material captured by accretion 1S 
much smaller than the original mass of the star, 
and it follows that in that case the angular mo- 
mentum cannot appreciably be changed during the 
lifetime of an early type star. The second mecha- 
nism is also insufficient, as one can show by a quan- 
titative analysis, and one is led to investigate elec- 
tromagnetic of the kind suggested by 
Alfvén.** We assume with Blackett®® that a rotating 


star will also possess a magnetic moment and we 


pre ICCSSECS 


consider the influence of the magnetic field of the 
star on passing interstellar clouds. The radiation 
from the star will ionize the atoms in the cloud 
and owing to the magnetic field of the star ion cur- 
rents will be set up in the cloud. These currents will 
tend to slow down the rotation of the magnetic 
field, that is, they will reduce the rate of rotation 
of the star. A rough calculation of the accumulative 
effect of encounters with interstellar clouds leads 
to the very tentative conclusion®® that this electro- 
magnetic effect may well have produced the slow 
rotation of late type stars. 

In summarizing we may say that there have been 
lately a number of attempts to produce a general 
cosmogony and that probably von Weizsacker’s 
ideas have the best chance to lead to a more de- 
tailed understanding of the formation and evolu- 
tion of stars and galaxies. It must, however, also be 
stressed that this cosmogony is only in its early 
stages and that of most of the processes only an 
overall picture has been given, while a detailed 


analysis has not yet been made. 
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F the terms in this title, homeostasis is one yaper has to do with biological wickedness as ap- 
} 





that you know about. Hyperexis is new, plied to man. It is my thesis that in our thoughts 


a word that comes from the Timaeus of about living processes, even in spite of our constant 







lato: I will have more to say about it later. Saint preoccupation with disease, we stil! give too much 






credit to the powers of good, and too little to the 





eorgee and the Dragon is a bit of obvious imagery. 





H : powers of evil, anthropocentrically speaking: too 
ymeostasis s 
mepeeneen much, that is, to living and recovery, and too little 






to dving and death-dealing influences. 





[here is a remarkable book, published twenty- 


d years ago, called the Book of Christopher Co- More specifically, I argue that the concept of 
homeostasis, as developed by Walter Cannon, use- 





mbus.t The author was Paul Claudel. It is at 





ful and sound though it is, has now too strong a 





nce a picture book, a play, a history, and an al- 
hold upon us, so that it seems almost to have pos- 


sessed all our physiological thinking. Other balanc- 





cory. There is one scene in it where Columbus is 





ng brought back to Spain, this time as a pris- 
ner In chains in the ship’s hold, because he had 
uled to find the gold of the Indies which he had 
mused. With him is the Ship’s Cook, a friendly 
low. Columbus has been boasting of his prowess. 
he Cook says: “Are you to make a new heaven 
d anew earth?” Columbus says, *“My business is 





ing concepts are needed 

From much of the physiological talk that one 
hears, one might think that the Saint George of 
homeostasis always prevails, and that the dragons 






of disease are always in the end destroved. 
One should appreciate, from the beginning of 





our argument, that the notion of homeostasis, as 





to remake the world but to discover it.’”? The 


10k says, ‘The world is wicked.” Columbus says, developed by Cannon, was intended to have a broad 





meaning and broad implications. After defining 





Yo much the worse for it, then, for I shall unveil 
i homeostasis as the maintenance in the animal body 






Ihe notion which I should like to convey in this of steady states, by coordinated physiological proc- 





esses, Cannon* goes on to say Wisdom of the 





iper read at a meeting of the Practitioners’ Society, 

w York City, December 12, 1952. Some changes have Bodyt 
ade from the paper as originally given. employed by the more highly evolved animals for 
he writer wishes to express his indebtedness and 

titude to Alfred R. Bellinger for suggesting the pas- 

the Timaeus, and for some greatly valued criti- 
and to Harold G. Wolff and Rene Dubos mem- some general pring iple s for the establishment, reg 
the Practitioners’ Society) for information ai} 

comment about Claude Bernard 


“It seems not impossible that the means 







preserving uniform and stable their internal econ- 






omy (i.e., for preserving homeostasis) may present 
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ulation, and control of steady states, that would be 


suggestive for other kinds of organization—even 


social and industrial—which suffer trom distressing 
perturbations.” 

[t is of interest to inquire what are the origins 
of the attitude represented by this term homeo- 
stasis. 

In searching for the beginnings of an idea, one 
can go into history as remotely as one pleases, and 
find some sort of analogy almost as far back as the 
written word can be traced. To my eye, however, 
the climate in which the atmosphere of homeostasis 
first appeared was the eighteenth century. I am 
now thinking of the implicit attitude rather than 
the explicit idea. Whitehead has said® that the 
Middle Ages were the Age of Faith, based on rea- 
son, the eighteenth century the Age of Reason, 
based on faith. The faith of the eighteenth century 
was indeed boundless, faith in a rational plan of 
the universe, presided over by a beneficent Deity. 
If philosophers would just get their heads together, 
so they opined, this plan could be understood, and 
everything worked out to the best interests of all. 
Voltaire* poked his long satiric finger at them, but 
their faith was unshaken. If everything was not yet 
for the best, in the best of all possible worlds, it 
soon would be. 

“Life, liberty, and the pursuit of happiness.” 
Was there ever a fine phrase more completely in- 
digenous to the century of its origin? As if happi- 
ness were ever attained by pursuit. But one should 
not press this too closely. As a preamble the phrase 
is magnificent. The trouble is, it soon became a 
philosophy. 

With the nineteenth century, the moralists, the 
poets, and others, found increasing difficulty with 
the mechanistic approach, but in the sciences, de- 
terminism pursued its way triumphant; and why 
should it not have done so, considering the vast 
achievements derived therefrom? In most of the 
sciences the same philosophy still prevails, though 
in physics, if I understand rightly, strict mecha- 
nism has faltered somewhat of late, and natural 
philosophers are no longer secure. It is not our pur- 
pose, however, to pursue this, even if we could, but 
to concentrate on one aspect only of this historic 
trend. 

Halfway between the end of the eighteenth cen- 
tury and the present day rises a gigantic figure, per- 
haps the greatest of all physiologists, Claude Ber- 
nard. It was by him, as everyone knows, that the 
general concept, of which homeostasis is one im- 
mediate descendent, was explicitly declared. 

sernard® had no doubts about the validity of de- 


terminism in science nor about the central place of 
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physiology in its study. “There is,” said |} 
absolute determinism in every phenomenon o 


He continues, “General physiology is the funda m 


tal biological science, toward which all others cop. 


verge. Its problem consists in determining tl 
damental conditions of life’s phenomena. Pat} 
and therapy rest equally upon this common 
It by 
that life manifests itself in the state of heal 


is the normal activity of organic el 
is by the abnormal manifestations of the san 
ments that diseases are characterized.” 

Jest known of Bernard’s physiological prin 
is that of the maintenance of the internal en 
ment, and he himself was frank to say that hx 


7 


the first physiologist to state cleariy this concept 


But it is not alone the constancy of this interna 


environment that interests him. It is equally t! 


reactivity of the internal environment with 


external. “The organism,” he wrote, “is only a livir 


t} 


y 


machine constructed in such fashion that, on tl 


one hand, there is free communication betw 


the external environment and the organic mili 


interieur, and on the other, that there are prote 
tive functions of organic elements holding livin 


materials in reserve and maintaining without 
terruption humidity, heat, and other conditions 


dispensable to vital activity. Sickness and deat 


are only a dislocation or perturbation of that m 
anism.” 

Of the many students and commentators ol 
work of Claude Bernard, probably the most 


( 


’ 


fluential in the English speaking world have beer 


Lawrence J. Henderson, in his two notable essay: 


Bloo i 


Jarcrolt 


The Fitness of the Environment® and 
Study in General Physiology;’ Joseph 
The Architecture of Phystologic Function; 


Walter Cannon in The Wisdom of the Body. 


YY 


3 
n 


Haldane should also be mentioned in this grou 
Henderson, whose primary interests were thos 


of a biochemist and general physiologist, turn 


his attention first to the relation between extern 


and internal environment as it concerned the 
ness” of such components as water, carbon dio 
oxygen, and the compounds of carbon, both to « 
stitute and to support organic life. 


> 


The next development, in which both the Brit 


and American physiologists of the early yea 
this century shared, concerned itself more wit! 
milieu interieur itself. “It is the fixity of the n 
condition of tree and 
familiar 
how 


interieur which is the 


pendent life,” was Bernard’s now 


ment, “and all the vital mechanisms, 


varied they may be, have only one object, that ¢ 


preserving constant the conditions of life in tl 


ternal environment.” 
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it noted that all these men were physiologists, 
‘heir interests directed chiefly toward normal bodily 
rocesses rather than disease. 

\ perusal of almost any of Barcroft’s books will 






veal that one could not find anywhere a physiol- 





‘ist with a more lively or wider range of interests. 





\nd yet he, too, had all the physiologist’s preoccu- 
ation with the maintenance of normal perform- 
did 


jin in some studies of disease states, but only as 






ince. In the course of his many activities, he 






easurements of single episodes and not as _per- 





isting pathological conditions. 





Walter Cannon, also, was a general physiologist 





n the best sense of the term. Let us look for a mo- 
ment now at The Wisdom of the Body, the text- 


ok, so to speak, of homeostasis, the book in which 







Cannon brought together his general thoughts 





ibout physiology and natural philosophy. We find 





ere various fascinating descriptions of processes 





nd sequences by which the body maintains its 





quilibrium, in respect to water, salts, sugar, tem- 





erature, blood pressure, and the rest, as well as an 





wcount of the large reserves which the body has 





t its command. 
\ number of acute and potentially lethal condi- 






ons are mentioned, such as shock, diphtheria, and 





eat stroke. But the emphasis upon acute diseases 





n which homeostasis fails is very light indeed. More 





mportant than this, there is no mention of chronic 





lisease at all, except old age; no consideration of 





ny of those slow, progressing, wasting, strangling 





ees by which most men die. It is with Cannon 





s with most physiologists of his day: not so much 





that they discarded chronic disease: as that they 






tually did not appear to be aware of its signifi- 





ance in the scheme of things. 





[he tone of Cannon’s book is very reassuring. 


(he Wisdom of the Body is such that “life, liberty, 
always be 






nd the pursuit of happiness” should 





ttainable, and Saint George dispose of his various 





iragons with agility and ease. Cannon himself is 





mpressed with his own optimism. At one point 
in- 





bout the middle of the book he asks a very 





enuous question. “Tf,” he says, “the body can 


ively take care of itself, what is the use of a phy- 






can?” It may be a good question at that; but we 





innot stop to answer it just now. 





he influence of this book by Walter Cannon 





ipon current medical thought, and medical writing 





as obviously been immense. Physiologists, clinical 





‘iologists, even the rising young clinicians must 





ow call practically any bodily reaction homeo- 





, since it always can be argued that the reac- 





is protecting something, or bringing some 





t of bodily structure or performance nearer a 
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so-called normal. And all mechanisms have to be 
called homeostatic mechanisms. 

Now the concept of homeostasis has great valid- 
ity and great usefulness. No one should deny that, 
and I do not mean to. There are many and highly 
important mechanisms which are properly de- 
scribed as homeostatic. But is this concept of large 
enough scope to include the whole range of bodily 
performance, pathological as well as physiological? 

As old-time clinicians perhaps we can take an- 
other look at certain disease processes, especially 
those of chronic disease, and ask ourselves once 
more about this never-failing Wisdoin of the Body. 
One can start almost anywhere. Take the process 
of fibrosis, scar tissue formation. This heals wounds, 
disposes of infections—surely a homeostatic mech- 
anism. But is it always so? What about scar tissue 
in rheumatoid arthritis, ending in frozen immobile 
joints, scar tissue in the kidneys, ending in glomeru- 
lar nephritis, scar tissue in the liver, ending in 
cirrhosis, scar tissue in the lunes, choking the 
breathing process into asphyxia? In trying to be 
homeostatic mn one direction, the body finds that 
it has been most un-homeostatic tu another. It is 
hke Macbeth’s “vaulting ambition, which o’erleaps 
itself and falls on the other.” 

Or, take the many aspects of the hyperimmune 
reaction. Inflammation, ordinarily so helpful in 
mobilizing the body’s defensive forces, has suddenly 
gone off the deep end in one or another odd and 
explosiv fashion, with febrile, vasomotor, or tissue 
disturpances far out of proportion to the apparent 
stimulus or injury. 

Or. take the growth response. Growth is certainly 
a necessary and vital thing. But when growth erupts 
beyond its rightful bounds, what then? What hap- 
pens to homeostasis in cancer? 

What, in fact, has happened to the Wisdom of 
the Body in all these phenomena? Is the body, in- 
deed, so wise? No, one must conclude that it is 
not. It is stupid, egregiously, calamitously stupid. 
It seems, alas, that the body may be no wiser in 
the end than we ourselves, being itself, in fact, our- 
selves, 

Someone might well write a companion book 
called The Stupidity of the Body. As author one 
could recommend almost any good, experienced, 
old-fashioned pathologist. 

Georges Ungar, writing recently on the subject of 
inflammation and its control,’ finds himself con- 
fused. “The introduction,” he writes, “of the ques- 
tion of purpose into the pattern of inflammation, 
instead of helping to solve it, tends to confuse the 
issue. Inflammation is useful when it fulfills what, 


from a strictly pragmatic point of view, can be 





9] 








called its purpose: fixation of the aggressive agent, 
and consequently, protection of the rest of the or- 
ganism. Quite as often, however, inflammation 
serves no detectable purpose and can even be harm- 
ful. Neither of the 


be called unreservedly good or bad.” I would say 


two mechanisms can therefore 


that this writer is confused, not by the events that 
he describes but by his own terminology. One need 
not bring purpose into the picture, but only recog- 
nize that a given process moves sometimes, if it is 
well controlled, to the net benefit of the organism, 
and at other times, with improper control, to the 
net harm. 

At all events, it is obvious that so-called homeo- 
static mechanisms can go dreadfully wrong and 
end up by being most un-homeostatic. While this 
does not appear to be well comprehended by most 
physiologists, at least those of Cannon’s day, it cer- 
tainly was no secret to Claude Bernard. He was a 
pathologist as well as a physiologist, and thought 
very clearly in this matter. May I give his words 
once more? “It is by the normal activity of organic 
elements that life manifests itself in the state of 
health; it is by the abnormal manifestations of the 
same elements that diseases are characterized.” 

There it is, as simple as that. This is the othet 
half of Claude Bernard’s idea that Barcroft, Can- 
non, and most physiologists of the normal, have 
missed.* 

You will have appreciated that Bernard has 
made a large generalization. If I understand him 
correctly, his position is that all pathological bodily 
processes are only modifications of normal processes. 
It would require knowledge of cellular activities 
and biochemical reactions far beyond anything that 
I have, to determine whether infections, atrophy, 
the cancerous change and such, should properly be 
considered as modifications of normal mechanisms 
or as new events, not seen in the normal. It may 
resolve itself into a question of assumptions and 
definitions. In any case it is beyond the scope of 
this argument. 

What I wish to consider now is only that part oi 
pathology that is brought about by so-called homeo- 
static responses leading, by reason of their excess, 
to bodily injury or death. ‘This excess response ac- 
counts for a considerable proportion of patholog- 
ical states. There are, of course, other mechanisms 
in pathology that are of equal or perhaps greater 
importance: atrophy, necrosis, and so forth. There 
are, probably, opportunities for more general clas- 
sification here, but with these we are not now con- 
cerned. 

* But some now are discerning the limitations of homeo- 
stasis (Hamilton,!° Oliver! 
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It will be obvious, upon reflection, that th 


no fixed line between the homeostatic and tl) 
cess response. In many situations, a given pi 
may be exerting both effects at the same time. [p 
the intense vasoeonstriction of traumatic shock. fo, 
example, there is both the homeostatic mechanis) 
tending to sustain blood pressure, and the exces 
mechanism, un-homeostatic, depriving organs, sic 
as the kidney, of vital blood flow, with perhap: 
eventually total breakdown as_ lower nephro: 
nephrosis. ‘The process of fibrosis has been me 
tioned; this also may be at the same time homeo 
static, and un-homeostatic in the direction of excess 
response. Another is hypervolemia in heart failur 


the congestive state, apparently useful up to a point 





in filling a weakened heart chamber, but leading 
ultimately to total failure by way of excessive intra- 






























vascular pressures and overdilated heart chambers 
Many other examples will suggest themselves 

If, then, it is true that in many states, especial! 
those of chronic disease, where the body is 1 
longer wise, an important mechanism is the exces 
response, the question arises whether this is not a: 


entity that should be identified by a name. 
Hyperexis 


“As a body which has one leg too long, or som 
other excess out of proportion, is an undesirabl 
thing . . . and is the cause of a multitude of mis 
fortunes to itself.”-—PLato, Timaeus. 

The Timaeus, the dialogue that follows imm« 
diately upon that of the Republic, has as its them 
an even broader subject: the origin and nature « 
the created universe, and the place and functioni 
of man within this framework. The limited mat! 
matics and physics, and exceedingly limited phys 
ology of Plato’s time, make much of the speculati: 
reasoning in the 7imaeus rather absurd to our view 
vet within it are flashes of brilliant insight; and, a: 
Whitehead has shown,” the basic questions anc 
sumptions upon which it rests are still amon 
foundations of modern philosophic thought. 

The quotation above is taken from a part o! t 
dialogue’s discourse on the familiar Platonic then 
of symmetry and proportion; but its main purpos 
for us is that it contains the word excess, in 1! 
instance the Greek word “hyperexis.” The d« 
tion of this word is simple, and means “having to 
much.” This fits our need quite well. 

As compared with homeostasis, hyperexis 
word is somewhat inflexible. It does not lend itst 





to adjective-formation too well, and the antony! 
would be quite awkware 





hypo-exis, or an-exis 





For a more manageable word, one might try hype! 
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sis, “beyond the mark,” or “beyond the goal.” 
jut do we want a word with an easy transition 
to the opposite and the negative of itself? Just be- 


ise a physiological or pathological word can be 


expressed as an opposite does it mean that the 
exact opposite also exists in physiology and pathol- 
ogy? ‘Take even the most common, atrophy and 
hypertrophy. We think of them casually as biolog- 
ical opposites. They are not. Hypertrophy is one 
different 
atrophy represents another set of things, at the 
other end of the line, so to speak, from hypertrophy, 


thing——a number of things, actually; 


but not in any biological sense an exact opposite. 
Our easy application of names sometimes obscures 
rather than clarifies what we are thinking about. 

[ am inclined, then, to vote for hyperexis, with 
the notion that, if it is worth anything, it ought to 
stand by itself. 


Homeostasis and Hyperexis 


In the endeavor to establish the validity of un- 
homeostatic mechanisms, in the above argument, it 
may appear that homeostasis itself has been slighted. 
(here is no such intention. The two categories 
nust exist, and do exist, together. The one repre- 
sents a tendency toward unity, a dynamic uni- 
formity and stability; the other an equally inevitable 
diversity, upheaval and “perturbation,” uncontrol- 
lable change. In the dimension of time, homeo- 
stasis and the Wisdom of the Body hold for certain 
periods, greater or less, each a small cycle of the 
biological system under consideration: eventually 
to be displaced, or destroyed, as some larger cycle 
takes over, through, let us say, some form of hyper- 
exis; or some more violent pathological process; 
or by way of slow decay: the “free and independent 
ite’ olivine way to shrunken activity, invalidism, 
ind ultimate dissolution. 


Saint George and the Dragon 


Finally, since Walter Cannon ventured to sug- 
vest the extension of the general notion of homeo- 
‘tasis beyond the realm of physiology into the world 

large, there is good precedent for doing the 
same with homeostasis and hyperexis considered 
together. 

it was Cannon’s proposition, as we have already 
ven, that the homeostasis of the mammalian body 

ht serve as a prototype for society—a system of 
hecks and balances which should provide stability 

in uneasy world: a series of Saint Georges to 
sll off the dragons of unwelcome change. 

. the final chapter or “epilogue” of his book, 
Cannon compares physiological homeostasis with 
that which may be said to exist in the social, indus- 
D 
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trial, and political relationships of mankind, and 
points out many analogies. A hopeful picture is 
drawn of the possibilities for a better, healthier, 
more stable, more unified, less angry world. Yet 
with all the author’s kindly optimism, one feels 
that some important things have been left out of 
the picture which ought to be there. For one thing, 
even if the social system is stable and secure, hu- 
man beings will continue to suffer ill disappoint- 
ment, calamity, sickness and death, all degrees and 
combinations of unfortunate or tragic occurrences. 
There is no lasting security. We suggest that this 
is not pessimism, it is simple realism. Any inclusive 
philosophy must face the pathological just as stead- 
ily as the physiological. We cannot all be lucky all 
the time. 

In the larger social and historical cycles also, 
there must be and inevitably will be larger disrup- 
tions and perturbations. It was the most conserva- 
tive, best protected, and most traditional of poets 
laureate who reminded us of the old order chang- 
ing, yielding place to new. What changes will take 
place cannot be predicted, only that they will take 
place. Homeostasis may mitigate these great and 
human 


devastating events—whether of natural or 


origin—but it will not basically remove or prevent 
all of them. And perhaps these larger changes may 
still be homeostatic in the view of some larger en- 
tity. Our point here is that they are not homeo- 
static for the smaller entity. 

There is nothing new in this. All that we are 
doing, perhaps, is to reintroduce to the currently 
modern mind an essential dualism which, in the 
thinking of past ages, faced and met reality rathet 
better, in some respects, than we do now. One 
could argue, in fact, that much that is wrong with 
us, in this particular day and generation, and in 
this particular land of ours, derives from the life 
liberty-——pursuit-of-happiness, homeostatic, gener- 
ally polyanna attitude that we have, and were born 
and raised in; that we expect too much good and 
are too impatient of ill; that we need to have driven 
in upon us more of the notion that the essence of 
living is struggle and suffering; that we need a 
more vigorous and fearless acceptance of the patho- 
logical; that pathology is as necessary a part of life 
as physiology, and dying as necessary as living; that 
hell and its devils are as real, and as important, as 
the angels in heaven: that our good Saint George, 
for all his valor, does not kill all the dragons, and 
that he will find, as indeed all saints have found, 
that the powers of evil still crowd upon him, when 
his arm has become weary and his sword is still. 
May I summarize my argument as follows: 

1. Homeostasis and the Wisdom of the Body, 
992 


< 





admirable concepts in then place, do not ade- 


quately describe all bodily processes, especially those 
of disease. In chronic disease, homeostasis does not 
prevail and the body is not wise. 

2. In looking for a wider approach, can we 
safely rest upon the more complete version of 
Claude Bernard’s concept, namely, that disease is 
only perturbed activity of essentially normal ele- 
ments: or is this still not enough? 

3. In any case, an important category in path- 
ology is the excess response, a homeostatic effort 
that overreaches itself, to the detriment or even 
the death of the organism. ‘The term hyperexis is 
suggested for this type of excess response; a term 
that appears in Plato’s Timaeus, and means “hav- 
ing too much.” Other general categories of path- 
ology are doubtless equally important and could be 
defined. 





should be considered as well as York: Macmillan. 1933. 


SPW. 


LYCOPODIU M, THE CLUB MOSS AND GROUND PINE 


The delicate plants of the genus Lycopodium leave their native haunts in 
woods, thickets, and clearings, on mountainsides and over the barrens in ordet 
to make their appearance among us at Christmas time. They have no eco- 
nomic usefulness to man save this one, that, although flowerless, they appeal 
to us and delight us with their simple grace and beauty, like their fairly neat 
relatives, the ferns. To the botanist, however, club moss and ground pine speak 
of wonderful things, of days when the earth, far toward its poles, was clothed 
in a weird jungle of giant trees with strange scale-like and feather-dustet 
foliage that reared above the swamps—swamps in which splashed the mon- 
strous flat-headed amphibians that preceded the reptiles upon earth. Le pido 
dendron and Sigillaria, the giant club-mosses of the Carboniferous, fell into 
the acid swamps and were preserved and gradually converted into pure coal. 
Trains filled with holiday travellers run, lights illuminating Christmas trees 
elow, and cold hands and feet are warmed by means of the forests of giant 
club mosses that grew 200 million years before any man thought of digging 
them up and burning them, or of placing their surviving descendants around 
a Christmas wreath. It is an appropriate gesture of recognition 

Ihe superb photo of Lycopodium obscurum on the cover was made by 
Professor A. M. Winchester, Chairman of the Department of Biology at 
Stetson University, whose hobby is the photography of nature. 
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The National Bureau of 


tandards 


A veteran newspaperman, Nate Haseltine has been 


NATE HASELTINE 


reporting since 1931, ex- 


cept for approximately three years when he served as an artillery man during 
World War II. He began specializing in medical and sctentific news about 
six years ago. In 1949 he was made science editor of the Washington Post, 
and for the past two year has been listed among the top ten science writers 
of the nation. His 1950 series of article entitled “The Human Heart,” has 
been reprinted in pamphlet form for public distribution by the National 


CIENTISTS working together through the 
years have made life safer, simpler, and more 
secure. In the United States, they came from 

ields of individual endeavor more than fifty vears 
x0 to pool their efforts in a new surrounding, the 
deling National 
| Americans have benefited from the scientific 


Sureau of Standards. Today, 
evements that have come out of the limited 
icilities that Congress created in 1901. The con- 
essional sponsorship, tendered hesitantly, changed 
ever increasing support that has paid off in 
ional and individual terms of safety, conven- 
nce, and security. 

For safer air travel, Bureau scientists developed 
[LS (instrument landing system) and uncovered 
ny causes of air wrecks. For undersea safety in 
r or peace, they contributed an underwate1 
tenna for submarines. For land travel, they pro- 
ced the magnetic fluid clutch, and even deter- 
ned the safest color tones for traffic lights. 

In making ordinary living more comfortable, 
set standards for electric light bulbs, tested 
things as the wear and tear on shoes, and 
loped specific-purpose materials such as false 

th bases that will not shrink, break, or dissolve 

mouth secretions or in the fluids that one drinks. 


or national security, Bureau scientists made, in 
eration with scientists of the Applied Physics 
oratory of The Johns Hopkins University, the 


successful radio proximity fuze for use in ex- 
ve missiles. The fuze and its successor models 
been acclaimed the second greatest scientific 
vement of World War II 


\-bomb, whose development was also aided by 


second only to the 
iu scientists). 
| these and more were certainly not specific 


e minds of those who at the turn of the cen- 


ber. 1953 


Heart Institute. 


tury began their demands for a federal standards 


bureau. From 1870 to 1901. the government had 
an office of weights and measures which was Op- 
erated by the Treasury Department, but the office 
was extremely limited in the types of standards it 


voverned. It had no official standards of measure- 


! 


ment that could be applied to the developing 


It had no yardsticks with which to meas- 


sciences. 
ure the candlepower of light bulbs, no scientific 
bases for the accuracy of thermometers or ba- 
rometers. Americans were sending their instruments 
to Germany or other European scientific centers 
for laboratory checkings and for the calibrations 
unavailable to them her 

The National Academy of Sciences took cog- 
nizance of the situation in 1900 with a resolution 
endorsing the movement for “a national bureau 


for the standardization of scientific apparatus.” 
Prefacinge this endorsement were the words: “The 


facilities al the disposal ol the Government and 
of the scientific men of the country for the stand- 
ardization of apparatus used in scientific research 
and in the arts are now either absent o1 entirely 


} 


Inadeq rate. so th t it becomes necessary In most 
instances to send such apparatus abroad for com- 
parison.” 

When the resolution 
Was Spe nding less than $11,000 a year to guarantes 
} 


les. foot rules, flour 


Was Passt d. the vovernment 


the unilormity otf grocery sca 


barre Is. and surveyors chains: the Navy Was St nd- 


Img Its screntil 


instruments to Europe for calibra- 


rion the United States was ready for the benefits 


OL Tass prod iction, but it lae ked one ol the has 


requisites, Standaras of precise measurement 
A i 


t 


tooling to mass production 


Phe congressmen of the day recognized the high 


caliber of the scientists who were backing the move 
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r iy x gis - 
Aerial view of the National Bureay of Standards laboratories, Washington, D. C. 


for a new federal bureau but, although impressed, 
were reluctant to further a movement that, to 
them, looked like unwanted government control 
over commerce and industry. In addition, the new 
bureau would require money. A Tennessee repre- 
sentative protested on the floor of Congress that 
the sponsoring bill would set up “an enormous in- 
stitution . . . it carries an expense of at least 
$250,000.” Today, fifty-two years later, “the enor- 
mous institution” of that congressman’s concept 
has grown to one with an annual budget of $6,000,- 
000 for its own operation and together with fund 
transferals from other federal bodies, largely for 
defense projects, its working budget for the last 
fiscal year exceeded $50,000,000. Recently, the 
Defense Department announced its intention to 
relieve the bureau of administering major ord- 
nance research and development programs, but 
the projects are to be continued in bureau facili- 
ties and with bureau personnel. 
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The National Bureau of Standards was created 
by a bill passed on March 2, 1901. Nine days later, 
Samuel W. Stratton, who was to serve for twenty- 
one years, was named its first director. Twenty- 
seven thousand dollars were allotted for the pay- 
roll of the Bureau for the first year. Although 
sponsors of the National Bureau of Standards had 
requested that its director have an annual salary 
of $6000, Congress reduced this to $5000, perhaps 
because congressmen were being paid the lower 
salary. 

For $25,000 eight acres of rolling farmlands, in 
what was then cow pastures of northwest Washing- 
ton, were purchased, and there two laboratory 
buildings—still in use—were built. Today the Bu- 
reau, one of the world’s best-known scientific insti- 
tutions, consists of some seventy buildings, about 
twenty of which are major ones, set within a sixty- 
eight-acre park surrounded by apartment build- 
ings, stores, and private homes. Sixty additional 
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acres were acquired slowly at great cost to meet an 
ever present need to expand. The original staff of 
eight in the small old Office of Weights and Meas- 
ures has grown to the present Bureau staff of about 
forty-six hundred. 

The Bureau is no longer physically confined to 
Washington. It operated, intil its recent shift to 
the Navy, a missile development installation at 
Corona, California. It operates special cryogenic 
engineering and is building new radio propagation 
facilities at Boulder, Colorado. It operates numer- 
ous small field stations for such things as iono- 
spheric observations, cement testing, and radio time 
and frequency service. 

Even at its present state of expansion, the Bu- 
reau is still a laboratory of individual research 
scientists. Here is scientific freedom for the study 
of the constants of nature, the physical properties 
of basic materials, and the fundamental standards 
of measurement. Here scientists work together, 
their successes speeded by their cooperative efforts 
and by the corps of technicians, skilled craftsmen, 
and administrators gathered together for scientific 
advancement. Here individual genius is inspired 
to greater accomplishments than might have come 
from solitary research. 

In the Bureau’s laboratories an atomic clock 
was fashioned, an infallible timepiece calibrated to 
vibrating atomts instead of to swaying pendulums. 
This new clock’s potential maximum of error is less 
than the loss or gain of one second in a span of 
three hundred years. An atomic standard of length 
has also been developed in the form of a lump of 
mercury-198, an isotope obtained by bombarding 
gold with neutrons. Atomic standards of weight, 
or mass, are also being considered by the scientists 
working at the Bureau. 

In 1901, the Bureau inherited only two stand- 
ards, the meter and the kilogram. Now it has set 
more than forty different kinds of scientific stand- 
ards, and these standards for commerce, industry, 
and science total more than seven hundred, some 
five hundred of them in chemicals alone. It has the 
standard for the length of an inch, the weight of a 
pound; standards for the range of temperatures 
from the coldest 459.6 degrees below zero Fahren- 
heit to 6000 degrees of rock-melting heat. Without 
its standards for electric power, radio wavelengths, 
and atomic radiations, American technology would 
long have remained stifled. American industries to- 
day send thgir gages to the National Bureau of 
Standards for periodic calibrations. And where in- 
dustry may require an accuracy of measurement to 
within one part in one hundred thousand, the Bu- 
reau’s instruments will check te a degree of one 
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part in one million. By increasing its accuracies 
over the years, the Bureau has helped make mass 
production as it exists today. Now, tiny machine 
parts made in one city will exactly fit other instru- 
ment parts made elsewhere, for firal assembly in 
still other locations. 

The setting of measurement standards was the 
primary reason for founding the Bureau, but the 
standardization work branched to fields undreamed 
of when the Bureau was started. Government agen- 
cies and industries soon began to ask more and 
more from the National Bureau of Standards. The 
United States then, as now, was the biggest pur- 
chaser in the country and, like any good buyer, 
wanted its purchases to measure up to the rights 
of the buyer. The Bureau was called on to test the 
materials, particularly cement for dam-building 
projects, for which the government was to pay. 
Manufacturers first used the services of the Bureau 
for checking the accuracies of their scientific instru- 
ments, but it was not long before other producers 
also turned to the Bureau for help. In 1907, for 
example, at the request of the American Foundry- 
men’s Association and the Association of American 
Steel Manufacturers, it undertook the analysis and 
distribution of standard samples of steels and irons 
which industries needed for their own comparative 
checkings. Later, it cooperated with the American 
Ghemical Society to ensure uniformity in technical 
analysis for the improved quality of chemical re- 
agents. 

These jobs taken on by the Bureau and the al- 
most Herculean tasks it assumed during the wars 
are not specifically designated in the law which 
created the National Bureau of Standards. The bill 
that President McKinley signed in 1901 described 
the Bureau’s raison d’etre in these words: 

Sec. 2. That the functions of the bureau shall con- 
sist in the custody of standards; the comparison of the 
standards used in scientific investigations, engineering, 
manufacturing, commerce, and educational institutions 
with the standards adopted or recognized by the Gov- 
ernment; the construction, when necessary, of standards, 
their multiples and subdivisions; the testing and calibra- 
tion of standard measuring apparatus; the solution of 
problems which arise in connection with standards;* 
the determination of physical constants and the prop- 
erties of materials, when such data are of great impor- 
tance to scientific or manufacturing interests and are 
not to be obtained of sufficient accuracy elsewhere. 

The all-inclusive “solution of problems” clause 
became the authority wherever there was doubt 
that the Bureau could legally take on a research 
project for other government agencies, or for indus- 
try, or private groups such as the baseball leagues. 


* The italics are those of the writer. 
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Experimental arrangement at the Bureau for studying 

the effects of perforations on the strength of a steel such 
as used in the Calcasien River at Lake Charles, Louisi- 
ana, A ten-million-pound testing machine has provided 
engineering data on full-scale structural units ranging 
from steel girders and aircraft components to structural 
building elements. Accurate calibration of the largest 
testing machines is possible since the development of 
four strain-gage dynamometers capable of measuring 
forces up to six thousand tons, 
The Bureau undertook one baseball study to solve 
the annual complaint that home-runs records were 
being broken because baseball makers were pro- 
ducing livelier balls. By rigging up a baseball bat- 
ting device, Bureau scientists found that the com- 
plaint was not justified. The balls, old and new, 
showed the same liveliness. 

Much of the work of the Bureau has been done 
to make the work of others easier. Take the dollar 
bills you use today. They may not go as far as the 
dollars of years.ago, but they get there in better 
condition. The paper currency of today seldom 
tears because Bureau scientists test the paper stock 
on machines that fold and unfold it thousands of 
times. If the paper is not strong, it is not used to 
make money. Bureau scientists, also, invented an 
electronic machine for the more effortless counting 
of mutilated and outworn paper money that is to 
be destroyed. 

Occasionally, the Bureau employees are used for 
some of its testings. Not content to rely upon the 
results of machine-testing of shoe soles, the scien- 
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tists outfitted Bureau guards with shoe soles o{ 
material under test and let the guards wear 
out normally; when its scientists were testing 
new plastics now widely used in dental fillings, :he 
Bureau called for volunteers—-employees willin; 
have their cavities filled—for science and for { 

Some of the major contributions of the Nati: 
Bureau of Standards to science and technolocy. 
not already mentioned, include: 


1904 Development of the first luminous 
(Neon) tube. Luminous script signs in glass tubes 
containing noble gas excited by electric discharges 
were first made by Bureau scientists and exhibited 
at the Louisiana Purchase Exposition in St. Louis. 
Missouri. It was twenty-six years before the devel- 
opment was commercialized and a new advertising 
medium was established. : 

1905 Invention of the deflection potentiometer, 

1907 The making of the first optical prism of 
silver chloride. Since the discovery that rock salt 
was transparent to infrared energy, a search has 
gone on for other materials having similar proper- 
ties. The original silver chloride prism turned black 
after exposure to light, but recently a successful 
technique has been developed for polishing that 
material. 

1910 First complete international uniformity 
of electric units. The Bureau served as host to the 
International Technical Committee on Electrical 
Units and for the first time established complete 
international uniformity in this electric field. 

1912 The first comprehensive study of methods 
of measuring heating values of gases. 

1914 Establishment of standards of radiant 
flux. The standards, used principally for calibrating 
thermopiles, were first issued by the Bureau in the 
form of calibrated carbon-filament lamps. The 
standards have been furnished to national labora- 
tories throughout the world as a uniform basis of 
radiant energy measurement. 

1915 Radio direction finder. Invented by Kol- 
ster and Dunmore and improved over the years, it 
is now in general use by all commercial airlines. 

1917 The development of a method for slip- 
casting large refractory pots for use in melting 
1000-pound batches of optical glass. Previously, 
optical glass was melted in hand-made pots of non- 
uniform quality, thus producing glass containing 
numerous flaws. 

1918 Infrared detection. Bureau scientists pi- 
oneered in the detection of distant objects and sig- 
naling by infrared rays. This work contributed sig- 
nificantly to military research for both world wars. 

1920 Development of the dental interferometer 
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for measuring the expansion of dental amalgam, 
a device for accurately measuring the setting ex- 
pansion of dental filling materials. 

1922 Development of a precision high-speed 
oscillograph camera. 

1922 Invention of the first alternating-current 
radio set, perhaps the most revolutionary develop- 
ment in radio. This invention put radio in the 
home. 

1925 Beginning of the standard frequency and 
time interval broadcasts. 

1926 Development of a camera for photograph- 
ing the interior of a rifle barrel. 

1929 Engine ignition shielding in aircraft. 

1929 Casting of the first large telescope re- 
flector (70 inches) in the United States. 

1931 The first x-ray protection code. The Bu- 


i reau was the first organization to bring about gen- 


eral unification of x-ray and radium protection 
codes. 

1935 A method for determining the fineness of 
portland cement. 

1936 Application of telephoto lenses to eclipse 
photography. 

1936 Development of a_ radiosonde system, 
one of the most important contributions to the sci- 
ence of meteorology. 

1938 - Measurement of the gains of hearing aids 
for their users by a cavity pressure-testing method. 

1940 Discovery of the cause of, and a remedy 
for, white-coat plaster failures. This was the first 
comprehensive study of the cause of such plaster 
failure, and the development of a treatment for 
limes that eliminates the possibility of expansion 
failures of plastered walls already in service. 


A precision instrument for calibrating. airplane map- 
ping cameras, developed by the Bureau, is tested in the 
optical instruments laboratory. The test involves deter- 
mining the angular deviation between collimators in the 
collimator bank beneath the table. 
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A 100,000-ampere current surge is measured during 
discharge by means of a special shunt (beneath table) 
developed in the Bureau’s high-voltage laboratory. Im- 
provements in the design of electric power systems and 
their component parts have greatly reduced power fail- 
ures from lightning. These improvements are a result of 
the use of surge generators. 


1941 


tioned previously, Bureau scientists developed the 


Radio proximity fuze for bombs. As men- 


first proximity fuze for use in nonrotating missiles 
such as bombs and mortar shells. Meanwhile, sci- 
entists at The Johns Hopkins Applied Physics Lab- 
oratories were developing radio-detonating fuzes 
for rotating missiles such as artillery shells. Radio 
proximity fuzes were credited by some with short- 
ening the course of World War II. 

Bureau scientists have not taken a group monop- 
oly on research in the way that individual scientists, 
working alone, long held secret monopolies. In- 
stead, as in the instance of the proximity fuze 
research, the scientists of the Bureau solicited the 
help of the entire electronics industry and shared 
their findings within the limits of military security. 

In 1941, too, scientists under the direction of Dr. 
Allen V. Astin, who later succeeded Dr. Edward 
U. Condon as Bureau director, pioneered the re- 
search in telemetering from missiles in flight. - If 
there are any passenger space ships of the future, 
space travelers can credit the National Bureau of 
Standards for much of the research that made 
their transportation possible. At the present time 
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The Bureau’s standard x-ray ionization chamber for 
use in the 500,000-volt range. Several primary standard 
ionization chambers that permit the calibration of de- 
vices over a wide range of x-ray energies are maintained. 


this telemetering is a major tool in the development 
of guided missiles and other electronic ordnance 
devices. 

Many of the research and development accom- 
plishments of World War II are still muffled by 


security regulations, but during the war years, Bu- 
reau scientists developed a test for weather resist- 
ance of porcelain enamels, a way to extract alu- 
mina from clays and high-silica bauxites, a T-bend 
test of the welding qualities of steels, and a way 
to coat metals with ceramics resistant to high tem- 
peratures. They also advanced the development of 
special-purpose batteries; found out why certain 
dental fillings backfired on thc patients, and pro- 
duced extreme pain; developed a wind speed and 
direction indicator used principally at airports in 
aircraft takeoff tests; and in 1944 produced the first 
successful guided missile, “The Bat.” 

Bureau developments and research pushed to 
successful stages after the end of World War II 
included studies on the use of concrete as a high- 
energy radiation shield; printed circuit techniques, 
for miniaturizing electronic gear; and a spectro- 
scopic lamp containing artificial mercury-198, im- 
proving, the accuracy and convenience of precise 
length measurements. 

The Bureau’s list of accomplishments over the 
years is seemingly endless, and many that may be 
of tremendous importance in future developments 
are not included in this abbreviated listing. 

The National Bureau of Standards is a govern- 
ment agency, without independent federal status. 
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It is only one of the divisions of the Departm 
of Commerce. Unfortunately, the nonscient 
public has come to regard the Bureau, erroneou 
as a testing laboratory for marketed products. 1] 
recent furore over a controversial battery additi 


AD-X2, aided and abetted this public conce; k 


- Once again the Bureau was flooded with reques| 


from consumers, most of them seeking advice ; 
garding the purchase of automobile batteries. The 
reaction was a discouraging one to the scientists 
and their fellow workers, who would like the pub- 
lic to know that the primary function of the Bu- 
reau is not that of a consumers’ research. 

When the Secretary of Commerce, Sinclair 
Weeks, tried to dismiss Dr. Astin as Bureau direc- 
tor, he raised a storm of protests from scientists 
throughout the United States. Mr. Weeks charged 
that Dr. Astin was not sufficiently objective, and 
lacked the business point of view, because Bureau 
scientists found no value in a commercial battery 
“dope” which, its maker claims, will lengthen stor- 
age battery life. Bureau scientists welcomed the 
support of their colleagues, but they were irritated 
by the public’s reaction in besieging them for ad- 
vice as to which products—be they floor wax, soap, 
or auto batteries—are the best on the market. 

To set the nonscientific public straight, only one 
per cent of the Bureau’s work is concerned with 
product testing, and such testing is for other gov- 
ernment agencies. Only one-twentieth of this one 
per cent deals with “market-place” products, such 
as the mixture for rejuvenating auto batteries. The 
other nineteen twentieths concern tests of materials 
purchased by other government agencies, such as 
cement for dam-building, lights for government 
buildings, and tires for government cars. 

Because the Bureau is a federal operation, its 
scientists are justifiably worried whenever the na- 
tional administration changes hands. Fears and 
worries hang heavily now, as they did when Presi- 
dent Franklin D. Roosevelt swept the Democrats 
into power in 1932. With that change, about one- 
third of the Bureau’s personnel lost their jobs; 
many, however, regained them within a year. _ 

The agreement between Secretary of Commerce, 
Sinclair Weeks, and Secretary of Defense, Charles 
E. Wilson, to separate the Defense Department's 
major ordnance research and development pro- 
grams from Bureau administration (although the 
contracts were to be continued at Bureau facilities 
and with Bureau personnel) only increased fears 
of political “high jinks.” Some $35,000,000 of 
transferred funds in the Bureau’s current fiscal pro- 
gram, and some eighteen hundred of its forty-six 
hundred employees, were involved. Some described 
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the move as only a paper transfer; others thought 
it was a beginngng of an eventual dispersion of the 
jureau’s advanced research and development proj- 
ycts to private industry. 

When Secretary Weeks first proposed releasing 
Dr. Astin, it was not the first time that a director 
of the National Bureau of Standards faced a job- 
everance. Actually, however, the Bureau has been 
relatively free of political interference—save, per- 
haps, somewhat periodic surveillance by congres- 
ional committees and the harassment of individual 
members of Congress who seek favors and services 
jor themselves or their constituents. Dr. Astin took 
office as the fifth director of the National Bureau 
of Standards June 12, 1952. The four directors who 
erved the forty-nine years before him did so under 
nine presidents and eighteen secretaries. 

The first director of the Bureau was Dr. Samuel 
W. Stratton. He took office March 11, 1901, and 
resigned December 31, 1922, to become president 
of Massachusetts Institute of Technology. Ap- 
pointed by Republican President William McKin- 
ley, he served under the succeeding Republican ad- 
ministrations of Theodore Roosevelt and William 
Howard Taft, and the Democratic administration 
of Woodrow Wilson. He resigned under the Re- 
publican administration of Warren G. Harding as 
the result of differences with Herbert Hoover, then 
Secretary of Commerce. 

George Kimball Burgess became the second Bu- 
rau director April 21, 1923, following a brief pe- 
tiod during which F. C. Brown served as acting 
director. Dr. Burgess died in office, July 2, 1932, 
after serving under three Republican presidents, 
Warren G. Harding, Calvin Coolidge, and Herbert 
Hoover. 

Lyman James Briggs took office as the third di- 
rector June 13, 1933, and retired at the age of 
seventy-one November 5, 1945. Dr. Briggs, an as- 
istant director when Burgess died, immediately 
became acting director and served in this capacity 
until his official appointment as director by Presi- 
dent Franklin D. Roosevelt. President Herbert 
Hoover had sent to the Senate Dr. Briggs’s name 
as Bureau director. The Senate, however, took no 
action on it, presumably in view of the defeat of 
Hoover and the Republican party in the Novem- 
ber, 1932, elections. President Roosevelt sent Dr. 


Standard weights used by the Bureau for calibration 
of standards for modern micro-balances (values range 
from one gram to 0.05 milligram). Methods have been 
developed for calibrating standard weights below one 
hundred milligrams with a precision of one or two ten- 
millionths of a gram. 


Briggs’s name to the Senate again in April, 1933, 
and the appointment was confirmed. It was re- 
ported in the press of the period that, in regard to 
Dr. Briggs’s appointment, a reporter asked the 
President, “What are his politics?’ To which the 
President replied, “I don’t know; I never asked 
him. Everyone says that he’s the best man for the 
job.” Dr. Briggs served under Presidents Roosevelt 
and Truman, and under four Secretaries of Com- 
merce. He was permitted to serve beyond normal 
retirement age of seventy at President Truman’s 
request, when the country was still at war. 

Dr. Edward Uhler Condon, now president of the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
oF ScIENCE, became the fourth director of the Na- 
tional Bureau of Standards November 6, 1945. He 
served until the effective date of his resignation, 
September 30, 1951, when he became director of 
research and development at the Corning Glass 
Works. Dr. Condon was appointed by President 
Truman, and served under three Secretaries of 
Commerce, Henry A. Wallace, W. Averell Harri- 
man, and Charles Sawyer. 
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Problems and Parameters 
of Science Literature’ 


HAROLD OATFIELD 


The author was educated at Reed College, Rice Institute, and Iowa State Col. 
lege, where he received his M.S. (1933) in organic chemistry under Professor 
Henry Gilman. After working in a control laboratory of Crown Zellerbach Co., 
he spent 11 years as a member of the Intelligence Division, DuPont Experi- 
mental Station. From 1945 to 1947 he participated as a Library Research 
Fellow in an experimental program at Massachusetts Institute of Technology. 
He was a professional associate in the Division of Medical Sciences, National 
Research Council (1947-1951), and served as secretary for the Committee on 


the Future of the Army Medical Library. Since 1951 he has been a literature ® 
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research chemist with Chas. Pfizer & Co., Inc. 


CCORDING to an editor of the Manchester 
Guardian, there are in fact no longer four 
philosophical elements but five: earth, air, 

fire, water, and paper. Even he thinks too much of 
the last element is used in sound, soporific gobble- 
dygook. 

A parameter, I need hardly remind you, in math- 
ematics is a quantity constant in the case consid- 
ered, but varying in different cases. I view the 
major parameters of science literature as: ethics, 
publication, distribution, understanding; and in an 
effort to clarify for myself what dizziness is involved 
therein, I have grouped under those headings se- 
lected problems for consideration. Many other per- 
mutations exist. Let me say at the outset, I have no 
key to the problem of breasting the tide of scien- 
tific publication—I merely suggest channeling it 
into fewer secondary outlets. 

At least four of the six premisest of today’s code 
of ethics for scientists apply to literature: the shar- 
ing of new knowledge, the obligation to publish im- 
portant findings, the necessity for veracity, and the 
recognition of priority. What is the ethical code for 
the scientist in respect to the relation of his science 
and his discoveries to the community and to the 
race? We still argue without agreement. But it is 
clear that we should prepare an addendum to the 
code comparable to the Hippocratic oath of phy- 
sicians. 

Du Bridge’ has stressed the “problem of convert- 
ing our expert knowledge of scientific problems 
into intelligent proposals for political action to meet 
them,”. and points out that in this sphere we are 


* Based on a paper presented at the 118th meeting of 
the AAAS, Philadelphia, Pa., December 30, 195i. 

+ The others: maintenance of integrity; striving for 
refinement of method. 
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laymen though we may not care to admit it. Ers- 
kine’ then steps in to advise scientists not to regard 
themselves as a caste able to think dogmatically for 
all. More thoughtfully, Bronowski® has described 
science as a giving, material and spiritual. He shows 
how its values rest in human fulfillment, in contrast 
to a standard of ascetic denial promulgated as the 
basic moral quality of the past and still so consid- 
ered by many nonscientists today. Bronowski warns 
us to be alert to defend from misapplication both 
scientific method and the mind that employs it. 

In humanism an earlier civilization gave us the 
concept of improving culture for ourselves and our 
descendants by (1) striving for truth or intellectual 
excellence and the ordering of knowledge—what 
we call science; (2) placing that knowledge with 
reference to the rest of life—or the development of 
wisdom; and (3) applying that wisdom in daily life 
—or prudence. Today we are neglecting to round 
out that concept by exercising prudence outside 
the laboratory. 

Let us pass over the hoary problems of how to 
train the user of scientific information to seek it out 
for himself, and the unwieldiness in use of the ex- 
isting bibliographic aids for arranging knowledge 
due to the volume of material, accrued and accru- 
ing, that must be winnowed. What I am concerned 
with seems to be an ebb in the tide of cooperation 
among scientists. You may voice thousands of ex- 
amples to the contrary and mention every commit- 
tee in the country. We all have taken a vicarious 
pride or better in the pooling of effort and achieve- 
ment in a Manhattan project or the development 
of penicillin. It is not surprising that there is co- 
operation. It is the lack of it that seems to violate 
scientific ethics. The multiversity of specialization 
within the twentieth century has been built upon a 
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base of continuing cooperation and interdepend- 
ence. When one unit fails to do its part, it reflects 
broadly on the interests of the others. These are a 
few indications. It must not become a trend. 

Some years ago a mathematician abroad sent a 
manuscript, an original contribution, to an august 
American institution. Because he was not a mem- 
ber of that institution, his paper could not be pub- 
lished in its journal. Meanwhile, the war cut ofl 
communication. Among scientists, no less than for 
the rest of circulating mankind, word of mouth 
conveyance of information abounds. During World 
War II scientist A of the aforesaid institution 
hinted to mathematician colleague B at another in- 
stitution that this manuscript might have an im- 
§ portant bearing on a problem which B was cur- 
S rently attempting to solve in connection with the 

war effort. A request was made for a copy of the 
manuscript. Due deliberation by the governing 
board (predominantly of scientists) of the institu- 
tion concerned led to denial of the request. Fur- 
ther appeal proved fruitless until high officials in- 
tervened. To what avail custodianship without 
related use? 

Again, an institution had in its files a unique 
copy of a map of certain waters. During the war 
that institution was requested to release the map 
for government use. This request did not meet out- 
right refusal, but was handled by eventually turn- 
ing the map over to a national repository. The war 
was nearly won by the time it emerged from “proc- 
essing” to reach the requesting agency. 

A great university’s financial resources have 
dwindled owing to the character of the times and 
the draining off of potential students by the Korean 
campaign. It attempts to recoup in part a result- 
ing cut in its ibrary budget by charging for out- 

iside use of its library resources, That reversion to 

nineteenth century society library tactics may be a 
small price to the individual user for the conven- 
ience provided, but multiplied on all sides the prac- 
tice would spell the end of the interlibrary loan 
policy, which in this century has aided scholarship 
and research of all sorts so markedly within the 
United States through sharing of technical re- 
sources, 

A zoologist acquired by unorthodox exchange a 
book published behind the Iron Curtain, a book 
which contains descriptions of a half dozen new 
species not yet indexed elsewhere. Did he send a 
note of apprisal to the appropriate Record, or tell 
his acquaintance, scientist C, who had worked with 
organisms of this class for years? Certainly not! 
Has the stoic sense of civic duty gone out of prac- 
ticing scientists? No, but science does not alter 
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human nature. Nevertheless, being his brother’s 
notekeeper should not relieve a scientist from re- 
sponsibility to share knowledge. 

There is no need to elaborate upon political re- 
strictions placed on scientific thinking, on exchange 
of information, and on circulation of scientists 
themselves. The decline of scientific cooperation on 
the international level must not become an excuse 
for loss of the spirit of cooperation among scien- 
tists either as individuals or in groups. The next 
retrograde step would be failure to impart new 
knowledge via publication. The quantity of publi- 
cation now pouring forth continually induces ve- 
hemence in scientists. How changed their tune of 
invective would be if a serious decline in publica- 
tion volume were to occur! Under our present pub- 
lication setup there will hardly be scientific publi- 
cation at the expense of security. Even granting 
the premise of an unwary editor, material, except 
in notes and dribbles, could not be issued that fast. 

A prime problem is what to do with new-found 
knowledge. When a man has convinced himself 
that he has found out something worth telling his 
associates, which he can impart without violating 
his principles, established policies, or patriotism, 
and when his compeers, the editor and referees of 
the journal of his choice, have agreed, Karma, or 
the inevitableness of the act, enters a little Carnot 
cycle stage. You will recall that Carnot’s classic 
cycle involves an ideal heat engine, consisting of a 
conducting cylinder that is closed by a nonconduct- 
ing pisten and containing a quantity of a perfect 
gas. This working gas goes through four successive 
operations, alternatively in temperature baths and 
insulating jackets: (1) isothermal expansion to a 
desired point (the temperature remains constant 
but the gas volume increases); (2) adiabatic ex- 
pansion to a desired point (work is done by using 
up a part of the intrinsic energy of the system with- 
out adding from an outside source) ; (3) isothermal 
compression (heat is given off) to such a point that 
(4) adiabatic compression brings it back to its 
initial state. In the publishing analogy the original 
data expressed in a paper represent the gas, and 
the heat engine components are editors, journals, 
and scientists: (1) primary publication passes iso- 
thermally to secondary publication in due time (no 
new knowledge is created, but we have more paper 
dealing with the same facts); (2) adiabatic ex- 
pansion is paralleled by expansion of subject entries 
in indexes; (3) isothermal compression occurs as 
the searching scientist passes from volume to vol- 
ume (he gives off heat); and (4) the published 
data come full cycle, as though by adiabatic com- 
pression, when they are used in a new publication 
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or cited in a review. Thus, the world of scientific 
publication conforms on this plane to the second 
law of thermodynamics. 

There is publishing entropy, too. Entropy is the 
measure of the unavailable energy in a thermo- 
dynamic system. In the scientific publishing system, 
lost facts and unindexed papers comprise its en- 
tropy. Thermodynamically, we realize that the lack 
of perfect conductors and insulators makes reversi- 
bility unattainable in the Carnot cycle. In the anal- 
ogous cycle of recording scientific findings we also 
have our imperfect conductors, the abstracts and 
indexes. I would hesitate to acclaim any scientific 
paper as an ideal gas. That bit of published knowl- 
edge may be applicable toward the solution of an- 
other man’s problem. This man has not only the 
personal obligation to become aware of its existence 
but, once aware, to locate it physically so that he 
may examine it. Photostating and like means have 
solved the matter of retaining working copies. 

In the problem of location, the man of science 
tends to fall back on a librarian for help. Libraries 
have carried out the organization of catalogs of 
scholarly resources, as well as mapping techniques 
related to their storage problems, in order to be 
able to locate material with minimum delay when 
requested. Librarians continue protesting that there 
is no coordination among existing abstracting and 
indexing services and that the resulting duplica- 
tion runs up their operating costs unnecessarily. 
They try to render equal service subject-wise to 
their varied clientele, yet gaps in coverage continue. 
The multiplicity of record does insure each worthy 
client the particular assistance he requires. Through 
his professional society the scientist client must take 
the initiative and responsibility for secondary pub- 
lication and for the gradual improvement of its 
character. He must see that a service of that sort 
adequate to his group needs is produced, and that 
once established it is not allowed to languish or 
devolve into limited correlative usefulness. The 
fact that your fundamental science has already met 
this problem, or met it five times over, does not 
give you the privilege of ignoring it. Next month 

or next year another society to which you grudg- 
ingly pay dues may decide its particular literature 
interests are not now being well served. Is the 
bryologist unhappy with the Index Kewensis? Not 
that I have heard. Can the helminthologist make 
do with Biological Abstracts? Or the Q.C.I.M.? 
Where. is Echo? Probably buried in the pages of 


Helminthological Abstracts. Does the phthisiologist 
need a Tuberculosis Index, the Q.C.I.M., and the 
Current List of Medical Literature, as well as the 
abstracts of the American Review of Tuberculosis, 
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World Medicine, or Excerpta Medica (to ch. 
only within the English language) ? Let us coc, « 
ate to reduce the number of these secondary pi ')|; 
cations and strengthen and expand those retain od 
Then we can riffle fewer pages with a saving in 1: 
to locate the same amount of information. If s.; 
plementary financial support is necessary to trans 
fuse a weakened index, the scientist collectiv«| 
may seek assistance from government and indust;, 
who also derive benefit from these tools. But thé 
primary load must be borne by and the drive fo 
having the abstracting or indexing service mus 
come from the learned society itself or several suc 
societies acting jointly. Is it too much to hope fo 
further extension of cooperation between learned 
societies, as exemplified by the American Physics 
Society and the American Chemical Society whd 
now agree on periodical abbreviations to be used 
in their publications? Or as between physicists j 
England and in the United States for one abstract 
ing tool? 

The difficulty of locating unpublished document 
those near-print publications which were spawned 
in such profusion by governmental research con 
tracts during World War II, has been resolved b 
key government agencies, such as O.T.S., the Li 
brary of Congress, the Atomic Energy Commission 
and the Department of Defense. These agencie 
have acknowledged their responsibility to reduce ta 
order the main body of those cluttered contribution 
and their continuing postwar stream. 

We hear occasionally about the gaps in the or 
ganized coverage of knowledge and uncertain fig 
ures on the annual amount of published work tha 
does not find its way into the main current of sec 
ondary recording for the sake of future reference 
and potential application or extension. It should be 
the responsibility of those who raise the issue (and 
who obviously must feel this lack most keenly) ta 
convey to the scientific public not only the impor 
tance of the missed knowledge, but some more ade 
quate conception of what it comprises and how it 











can be suitably encompassed. Have we crusading | 


critics armed with facts? A solution seems to be 
evolving in UNESCO for that material coming 
from workers in geographically isolated areas 
through new regional publications for documentins 
serials. What of foreign patents? Are they being 
given adequate treatment? 

It has been claimed that no communication has 
lasting value unless it influences and modifies hu 
man behavior, either of individuals or of masses. 
When it does that, it attains social significance. 
But in science who shall say when that influence 
will begin to be felt? Will each crucial new contri- 
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bution have a Meitner to herald at once its applica- 
bility, or will it lie dormant or buried like con- 
tributions of Gibbs or Mendel until times are more 
receptive or propitious, or until supporting know!- 
edge has been advanced to a point to meet it half- 
way? Future generations may.scorn or ignore much 
of what we prize today. If they are solely dependent 
on the author’s original account, they may also 
have a trying time deciding what it was we had 
ascertained or what we meant to convey, let alone 
the merit and utility of our findings. In the time 
of Isaiah, it was a vexation to understand the re- 
port. In the time of the Skeptical Chymist, Boyle 
pleaded with his Fellows for a clearer style in writ- 
ing and avoidance of unnecessary subtleties which 
do not increase knowledge but merely puzzle men. 
In the time of Andrade, which is today, a plea is 
still being entered that the scientific account be 
kept free from unnecessary clumsiness and obscur- 
it. Authors of scientific articles need not disre- 
gard syntax to establish their credit. They may 
safely dust off the copybook virtues of sincerity, 
darity, and simplicity in writing, and then resort 
if necessary to compression. They are again ex- 
horted when so doing to attack one subject at a 
ime and to remember that not all readers have 
the nimbleness of goats in leaping elliptically from 
topic to topic without transitional stepping stones. 
Obscurity in scientific writing has yet to be hailed 
as a virtue. Recently the Royal Society went so far 
Bas to invite authors to write for the hundreds who 
might be interested in some aspect of a well-written 
paper rather than for a specialist handful. 

Scientific motion picture film literature resources 
are looming larger as basic records and as texts 
and are well entrenched as means for imparting 
techniques. The organization of film into the scien- 
tific record constitutes another literature problem. 
I will not risk further blurring of this outline by 
discussing film here, but merely call your attention 
to it. 

The solution to some of the problems cited 
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appears to lie in maintaining cooperation in the ex- 
change of knowledge: cooperation between scien- 
tists as individuals, as groups in societies and insti 
tutions, and internationally; and between scien- 
tists and other organized contemporary groups. Let 
us seek expansion wherever cooperation actively 
exists today, as in the improvement of secondary 
literature resources by reducing the numbers of 
such services, but concomitantly by increasing the 
specific scopes of those retained, and work to revive 
cooperation where it is discovered to have lapsed. 
One of the peripatetic correspondents of the Lancet 
says that “Highly educated people only seem more 
reasonable.” To advance, scientists must do more 
than “seem” cooperative. 

Publications ripple the surface of the sea of 
knowledge, increasing by greater or lesser degree 
the solute content. Yet the body remains essentially 
in repose. Its level never drops but deepens, for 
knowledge does not evaporate from the record. 
Items may sink to unfathomed places, but knowl- 
edge departs only when the record itself is de- 
stroyed, or it fails initially to get entered in that 
record. Paul Schilder* in his monumental book, 
Brain and Personality, remarks, “It’s strange that 
we know so little about the state of mind of a 
dizzy person.” I submit that the scientist has been 
made professionally dizzy by having to cope con- 
tinually with waves of that fifth alchemical ele- 
ment, paper. Prudent cooperation in its use, 
preparation, and dissemination would help to re- 
store normal equilibration in the advancement of 
knowledge. 
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come adjustments in its tributary drainage. SumfMraina 


mighty river, coursing toward the sea, 
presents a wondrous spectacle of power, 
strength, and endurance. Its surging wa- 
ters have cut into the bedrock and stripped away 
the strata which once lay across its valley. Un- 
ceasingly at work, it has become the master of its 
environment, entrenching itself into the landscape 
of which it is a part. The stream is the creator of 
both the valley and the hills; and in creating them, 
the river inscribes the history of its own eventful 
past. 

The pathway of the river, however, may some- 
times be beset with difficulties. Upheavals of the 
lands, invasions by the sea, advances of glacial ice, 
landslides, all tend to turn the river from its 
course. If they be great, the river may be turned 
aside; if overwhelming, the river meets its end. 
Such was the fate of one of America’s grandest 
rivers. Unseen by man, it was the master stream of 
a prehistoric age, a precursor of rivers that flow 
today. 

More than half a century ago, geologists working 
in the basin of the great Ohio River first noticed 
certain peculiarities of the river valley. They saw 
that some portions of the valley seemed to be much 
younger than others, that some of the r‘ver’s tribu- 
taries appeared to be older than the master stream, 
and furthermore, that certain confluent valleys 
showed evidence of former occupancy by torrential 
currents no longer flowing through them. This led 
to. the conclusion that the Ohio River had not 
always flowed in its present course, but that during 
some time in its history it had abandoned portions 
of its well-established valley and had carved out 
another route. With this, it was reasoned, had 
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marizing this accumulated knowledge and adding 
much of his own, W. G. Tight in 1903 worked ou 
partial details of these changes. Among these wa 
the recognition of a great abandoned valley ex 
tending across West Virginia, from Huntington te 
Charleston, through which the Ohio River wa 
presumed once to have flowed. Averaging a mil 
and a half to two miles wide and nearly fifty mile 
long, the valley is occupied today only by mino 
streams that drain the immediate territory and ar 
incapable of having excavated so great a valle 
in the bedrock. 

To this valley Tight gave the name Teays, fron 
a tiny crossroads station located within it. He als¢ 
applied this name to the former river which flowed 
through it to distinguish it from the present cours 
of the Ohio River. He did not know that one da 


hich 


the name he had proposed would become appli Ye 
cable to a greater river—a river which was onc ‘ 
the master stream of interior America, with th \ 


Mississippi as a tributary. He was unaware tha 
the Ohio River had not yet been born when th 
Teays flowed across the lands. The story of hov 
the Teays helped to carve a great continent, 0 
how it ultimately ceased to exist, and of how th 
Mississippi later became the master stream of th 
interior was not fully realized until nearly half ‘ 
century later. 

The prehistoric Teays, precursor of the presen 
Mississippi, and predecessor of the Ohio, the 1!!! 
nois, the Wabash, and others, had ite source in th 
Appalachian Mountains of North Carolina (Fig 
1). From there it followed a northwestward cours 
across Virginia and into West Virginia as far 2 
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‘harleston, along the same route occupied by the 
New and Kanawha rivers today. From Charleston 
it continued due west through the abandoned 
alley to Huntington, and then swerved north- 
m.ard to Chillicothe, Ohio. Here it resumed a 



















orthwestward course past» Springfield, Ohio, to 
the Indiana state line southeast of Fort Wayne. 
t then turned south and formed a great loop to 
the north. After reaching its northernmost point 
n Fulton County, Indiana, the Teays swerved 
outhwestward to Lafayette, proceeded west into 
illinois, passing near Champaign, swung down 
oward Decatur, and then back northwest to 
incoln, Illinois. At this point it was joined by its 
ributary, the Mississippi, which then flowed con- 
iderably east of its present channel. The Teays 
ontinued to Beardstown, Illinois, and followed the 
present lower Illinois River Valley as far as the 
atter’s confluence with the modern Mississippi 
alley near St. Louis. Here the Teays received 
jrainage from the western plains through channels 
hich later became identified with the present 
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Missouri River. The Teays continued for a short 
distance past St. Louis where it emptied into the 
Gulf of Mexico, an embayment of which formerly 
extended northward to this point. ‘Here was the 
mouth of the great Teays River. With its head- 
waters in the Appalachians in the East and in the 
Rockies in the West, the tributaries draining the 
Great Lakes region on the north and the Kentucky 
terrain on the south, the Teays was the master 
stream of a primeval America. 

The discovery of this ancestral river was not the 
accomplishment of a single individual. It was the 
culmination of study and exploration made in re- 
cent years by a great many geologists working in- 
dividually in the scattered territories through which 
the river flowed. Gradually it became evident that 
several streams, shown on present-day maps as 
individual rivers, are really disconnected portions 
of a former big, single river. Associated under- 
ground waters were also found to be moving along 
definite buried channels. Finally, the entire course 
of the ancient river became apparent. 
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Fic. 1. The Teays River and its chief tributaries in so 
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far as they are known. Some of these still flow as surface 


teams today; others are completely buried under the glacial debris. Also shown are the northern extension of the 
bulf of Mexico and the line of southernmost advance of the Ice Age glaciers. (Adapted from Tight, Fidlar, Ver 
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The abandoned Teays Valley as seen from the air above the town of Culloden, West Virginia, about mid@™innel] 
way between Charleston and Huntington. The pe ge portion through the middle marks the old river bed, and thé 


forested hills rise on either side. The main line of the Chesapeake and Ohio Railroad and U. S. Highway 60 ca n of 
be seen extending through the valley. (Courtesy of Chesapeake and Ohio Railroad.) achia 
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The Teays River had its origin many millions uplift highest in the East so that its surface sloped 
of years ago in the Ancestral Appalachian Moun- westward toward the interior of the United State: 
tains, a higher range of mountains, preceding in At the same time, the great inland sea was drained 
geologic time the present ranges. These earlier away, except for a long narrow arm which ex 
mountains were eroded to an almost level plain, tended northward from the Gulf of Mexico as fag °@st 
and the Teays River was one of the rivers that as southern Illinois. These changes did not destrogygynuc 
had: worn them low. Thereafter, it flowed west- the Teays River, as it was carried upward on thq@jyys 4 
ward across the great plain, which it had helped surface of the rising land. With its gradient steepqyy“°- 
to create, toward an immense inland sea that ened, it continued to flow down the new slope tq: the 
covered the central part of North America. The _ the sea at the northern end of the long arm of th@jyyr' wes' 
river developed a winding, meandering course as Gulf. The uplift gave the stream renewed energ the u 
it crossed the plain. and it cut its way downward through the uplifteqggpry '0 » 

In the course of time, pressures from within the rock layers. The course of the river could not bé hdwat 
earth lifted the plain to a high plateau, with the straightened; hence, it entrenched itself in th@ t olde: 
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jrock, while retaining the shape of the mean- 
ring course which it had developed previously on 
low, flat plain. 

Evidence of this can still be seen in the gorge of 
New River, which is the present name for the 
per portion of the Teays where it flows from 
rth Carolina to central West Virginia. The 
ep canyon, with its nearly vertical walls and 
nding course, marks the extent of the river’s 
sion since the uplift. Similar relationships may 
seen throughout the vast Appalachian region 
herever other streams have incised their valleys 
o the great plateau. From some high vantage 
int, such as those along the Blue Ridge Park- 
y, one can see that the Appalachian ranges of 
day are essentially flat topped and of nearly 
elevation in their highest parts. If one im- 
ines all the valleys refilled with the great quan- 
ies of rock that once were there, he has recon- 
cted the vast, rolling plateau surface that 
isted before the valleys were cut into it. The 
sent Appalachian ranges, with their long, flat- 
pped summits, are remnants of the former pla- 
u which has been dissected by the stream-cut 
eys between them. The Blue Ridge marks the 
tern limit and highest part of the former pla- 
The steeply tilted rock layers seen in the 
ts of many of the ranges are the spreading 
tts of the Ancestral Appalachians, now re-ele- 
ed and dissected into numerous parallel ranges. 
mee, the Teays, older than the present moun- 
ns themselves, actually held its course while the 
drocks were pushed upward from beneath it. 
he headwaters of the Teays consisted .of at 
t two main forks. One, rising in eastern West 
ginia, is known today as the Gauley River. The 
t, rising in North Carolina, is the present New 
er. It is longer, and was the main headwater 
annel of the Teays. It rises today near the resort 
m of Blowing Rock, at the summit of the Ap- 
achian Divide. Originally it extended much 
er east, to the present Fall Line along the 
tern base of the mountains. This was before the 
Bern portion of the Blue Ridge was eroded to 
ome the Piedmont area. Streams flowing down 
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s fa east side of the Blue Ridge directly into the 
stroqmmeantic had much steeper gradients than did the 
, tha@eys and others draining toward the Gulf of 










xico. Consequently, during the intervening 
s, the divide has been shifted farther and far- 
west by erosion, resulting in the disappearance 
the uppermost headwaters of the Teays. Con- 
to its name, the New River, as the remaining 
kdwater portion of the ancient Teays, is one of 
th oldest rivers in America. Because it was there 
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long before the mountains were carved, it is the 
only river crossing the entire Appalachian belt 
from one side to the other. 

The union of the New and Gauley Rivers at 
Gauley Bridge, West Virginia, forms the present 
Kanawha River, which was a part of the ancient 
Teays as far as Charleston, West Virginia. The 
valley of the Kanawha here crosses the heart of 
the vast Appalachian coal field. Along the steep 
valley sides can be seen the entries to coal mines 
which extend back under the hills on either side. 
Along the river banks are great chemical plants 
which process the many products made from coal. 

A few miles below Charleston, near the town of 
St. Albans, the Kanawha suddenly turns out of 
the old valley of the Teays and pursues an inde- 
pendent course northwestward toward the Ohio 
River. The Teays Valley proper, however, con- 
tinues westward across the remainder of West 
Virginia. It was this valley that Tight long ago 
recognized as the abandoned course of a great 
river. Thick beds of sand and gravel, including 
water-worn boulders up to twelve inches or more 
in diameter, lie upon the valley floor. Many, com- 
posed of rocks quite dissimilar to the bedrock of 
the valley, show unmistakably that they were 
washed by river action from the bedrock region 
of the Blue Ridge. Only a great and powerful 
stream could have accomplished this. At places 
where erosion has removed the river gravels and 
exposed the bedrock beneath, potholes ground in 
the bottom of the former channel provide further 
evidence of the river’s course. Along the full length 
of this broad valley floor runs today the main line 
of the Chesapeake and Ohio Railroad, its right- 
of-way selected long ago because it provided the 
only natural avenue of direct travel through the 
terrain of the West Virginia hills. 

Within the city of Huntington, West Virginia, 
the abandoned valley of the Teays suddenly ends. 
Here it joins the stream bed of the more recently 
formed Ohio River, which enters the city from 
the northeast. The occupied valley continues 
toward the northwest, past Ashland, Kentucky, 
and Ironton, Ohio, to the town of Wheelersburg, 
about ten miles east of Portsmouth, Ohio, where 
the Ohio River again leaves it. For this distance 
of about forty miles, the younger Ohio River has 
appropriated a portion of the old Teays Valley. 
Within this section, a major tributary of the Teays, 
the Big Sandy River, entered from the south. It is 
still in existence and forms part of the state bound- 
ary between West Virginia and Kentucky. Rising 
on the northwest slopes of the Appalachians, it is 
now a tributary of the newer Ohio River. 
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in its movement over the land, planed 
higher hilltops, filled the valleys with thi level 
and, in place of the former plateau surfa «. * w 
a broad, rolling topography which continies Myeth 
the shores of the Great Lakes. | the 

The long valley of the Teays, which . , af 
followed from its source in North Carolin 
appears at Chillicothe under the blanket of eat | 
drift. Geologists who first traced the course | is ind 
old valley as far as Chillicothe had no me. ight 
tracing its buried course. Some thought i: me. C 
tinued northward to the Great Lakes. Oth@i er b 


here 1 


Pt be 


eve 
and met the valley of the Wabash. Indeed, as |: e in 
Potholes, ground into the bedrock when pebbles are as 1943, the lower course of the Wabash w e ave 
Miike: abaedoned Teepe Vallee in Hunt Wart thought to be a continuation of the original Tedllleen | 
Virginia. Valley.’ The 
: : Knowledge of the actual course of the Tea 
At Wheelersburg the Ohio River leaves the from Chillicothe to its former mouth at the G 
Teays Valley and flows westward to the Mississippi; of Mexico, has come from the recent study 
but the old Teays Valley continues almost directly jhousands of well records. Such records, in 
north past the towns of Piketon and Waverly, case of water wells, show the elevation at t is abe 
between which our newest atomic energy plant is present ground surface, the depth to ground wat . Te: 
now under construction, and thence on to Chilli- the type of material penetrated, and, if the wip py 
cothe, Ohio. This section of the Teays Valley is goes deeply enough, the depth of bedrock. Becaul.. 4 1, 
now occupied in part by the Scioto River, which of the greater depths of oil and gas wells, addition j or: 
flows south to join the Ohio instead of flowing information about the bedrock becomes availabii pp. 
north as did the Teays. During the Great Ice Age, By plotting the well locations on maps, and sho¥ ater 
large amounts of sand and gravel were washed ing the depth to bedrock for each, the topograpI 4p. | 
into the valley from the north, thereby reversing of the preglacial buried land surface has be... , 
the slope of the valley floor. determined. Thus, it has become known that t™.... 
If one drives northward along the present high- general bedrock surface from central Ohio weg. 1 
way to Chillicothe from the south, he approaches ward into Illinois represents a continuation ie ere. 
the city through the old Teays Valley. The ad- neath the glacial drift of the gently sloping p.atc@i , ¢,., 
jacent hills are rather flat topped, and en masse surface. In many places the wells have penetra thor 
present an even horizon line against the sky. This the drift to depths of 200 to 300 feet deep beidi,., on 
skyline level is the western continuation of the reaching bedrock. The distribution of these dee ‘ico 
vast plateau surface that inclines eastward to the wells follows a definite pattern and indicates (Mh. oy 
top of the Blue Ridge where the Teays had its long winding course of the Teays River fr ciate 
source. As one continues toward the city, he sees Chillicothe to southern Illinois. 5 The» 
the distant buildings at a slightly higher elevation, Not only has the course of the buried river bet the 
although still within the valley. This gradual rise traced, but the slope of its bed and the width HM uses 
of the valley floor results from the partial filling of its floodplain have also been learned with reasqqy pee 
its bottom with glacial sands and gravels, poured able accuracy. At Chillicothe, where the vallf comp 
into it by the meltwaters from the receding con- floor first becomes lost under the thick deposits @M. prit 
tinental glaciers of the Ice Age. The city is built glacial material, its elevation above sealevel is | win:th 
on the surface of this valley fill. The great ice feet. As it enters eastern Indiana it is 508 Ich... 
sheets which moved into the United States from and near Lafayette in western Indiana it 1s . stead, 
Canada during the Pleistocene Epoch advanced {eet above sealevel.? It continues to drop gradu es 
almost to the northern edge of Chillicothe. across Illinois until a minimum elevation of y. hea 
Continuing northward from the city, the trav- feet is reached where the valley of the Teaysi}. 4 . 
eler ascends the gradually sloping surface of the again exposed and is occupied today by the Hm. prec 
valley fill until he is on a vast rolling surface com- _ linois River. The elevation of the Teays bed sii 
posed of gravelly sand, silt, and clay, which com- its point of discharge into the Gulf of Mext. not 
pletely bury all vestige of the previous land south of St. Louis is not yet definitely establish@™ Origi 
surfaces over which the glaciers moved. The ice, However, at a point fifteen miles south of St. Lou... 44 
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here the surface elevation is about 400 feet above 
alevel, bedrock was reached at a depth of 277 
,) which would be about 123 feet above sealevel. 
nether this represents the actual bed of the Teays 
the bottom of the Gulf of Mexico, which was 
in Gen becoming filled with delta deposits, cannot 


na, dit be definitely stated. Sealevel just prior to the 
| clacifileat Ice Age was higher than at present, so that 

of tis indicated elevation of the Teays near its mouth 
cans Might coincide with the possible sealevel of that 
it Coffne. On the basis of the known elevations of the 
Oth@iver bed between Chillicothe and western Illinois, 
Indiatiwever, the Teays River had an average drop of 
aS laven inches per mile,* which coincides closely with 
sh Wie average gradient of the Mississippi today be- 
| Teafif.een Cairo, Illinois, and its mouth. 

ae The width of the exposed Teays Valley between 

Teat@parleston, West Virginia, and Chillicothe, Ohio, 
sm rages about one and one-half miles. The buried 
fudy 




























tion gradually widens to about four miles near 
e Indiana-Illinois line. Near Decatur, Illinois, 
is about five miles wide, and near Lincoln, where 
te Teays was joined by the Mississippi, the valley 
pr broadens to almost fifteen miles.* The Teays 
4s a massive and well-established river, as the size 
nd gradient of its buried valley indicate. 

The Teays River was dismembered into several 
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| sho aller rivers and partly buried by direct action 
'S™4PRS the great glaciers of the Ice Age. The massive 
: bet eets of ice which moved into the northern United 
at 


ates from Canada traveled farther south in 
etern Ohio, Indiana, and Illinois, than else- 
here. The ice extended into northern Kentucky 
1a few places and made its farthest advance in 
uthern Illinois where the lowest elevations were. 
e entire lower course of the Teays River below 
hillicothe was overridden by the ice. The Teays 
overridden and all its tributaries within the 
aciated area were covered. 

The well records which have shown the location 
ithe buried Teays Valley have indicated the 
urses of many of the buried tributaries. In so 
as these are known, they are shown on the 
companying map. Most interesting of these was 
¢ primeval Mississippi which flowed southward 
pm the border of Canada. Originally it did not 
tke the big bend around west-central Illinois. 
stead, its course diverged at Clinton, Iowa, and 
wed near the middle of Illinois to meet the 
tays near Lincoln. Farther south, the Teays re- 
ved at least one major tributary from the west, 
¢ predecessor of the Missouri River, which had 
somewhat different course than at present and 
is not so long. 

Originating, perhaps, in the days of the dino- 
rs, the ancient Teays established its course from 
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The New River Gorge as seen today from Hawks Nest 
State Park, West Virginia. Here the river follows the 
same winding course that it had in ancient times. The 
nearly level skyline marks the surface of the elevated 
plateau into which the river has since entrenched its 
channel. (Photo by U. S. Geological Survey.) 


the Blue Ridge to the Gulf. With its great network 
of tributaries, it helped carve the landscape of a 
large portion of the continent. The amount of 
sediment—mud, silt, sand, and pebbles—which it 
eroded and carried to the sea must have been 
tremendous. The sea into which it poured those 
sediments was the long narrow arm of the Gulf 
of Mexico. This long seaway, from southern 
Illinois to New Orleans, has been completely filled, 
and the great delta now juts far into the Gulf 
proper. 

The building of the delta has been attributed to 
the Mississippi River, which now follows its entire 
length. This part of the Mississippi, however, has 
been in existence for a brief time in comparison 
with that of the former Teays. It seems evident that 
the greater bulk of the delta was built by the 
Teays, with the Mississippi adding only the latest 
portions. Hence, the immense delta, more appro- 
priately, might be called the delta of the Teays. 

It is possible that the Teays may have extended 
its course considerably beyond the point near St. 
Louis which was originally its mouth, just as the 
Colerado River has filled the northern end of the 
Gulf of California, and must today flow over this 
extended land. If the Teays had accomplished as 
much as the Colorado in this respect, its length- 
ened course over the filled land would have ex- 
tended well beyond Cairo, Illinois. This would 
mean that it had as an additional tributary the 
ancestral Ohio River, which then was a relatively 
small, short river with its source near Cincinnati. 
If the Teays had extended its course much farther 
before becoming extinct, it may have had essen- 
tially the same additional drainage as does the 
lower Mississippi today. 

The great Teays River ceased to exist as a sur- 
face stream with the coming of the vast glaciers of 
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the Ice Age. For some reason, as yet unknown, the 
subarctic climates in the North began to deepen. 
The snows fell more frequently and lasted longer. 
The temperatures were lowered to the extent that 
the long winter snows did not all melt in the short 
summer months. The unmelted snows packed into 
ice, and as the years passed, the ice fields grew 
larger. Great mountains of solid ice took form in 
Greenland, Labrador, central Canada, and the 
Canadian Rockies. The great weight of the thick- 
ening ice caused it to sprawl outward from these 
centers of accumulation. These behaved like gi- 
gantic mounds of stiff molasses, slowly spreading 
in circumference as more ice continued to gather 
at the tops of the domes. 

Eventually, the ice moving outward from one 
dome merged with that from another. Finally, all 
Canada was blanketed with a continuous ice sheet 
from sea to sea. In the north, the ice moved toward 
the pole; in the south toward the United States. 
Covering hill and valley, the blanket of ice grew 
thicker as it slowly pushed forward. Attaining 
thicknesses of 10,000 feet, or possibly more, the 
sliding sheet of ice advanced along an irregularly 
scalloped front, with great lobes protruding ahead 
of the main mass. Inching forward over the land, 
it wrecked everything in its path. The topsoil and 
underlying mantle of weathered rock were churned 
and plowed. Chunks of broken rock became frozen 
into the bottom of the ice, and as these were 
dragged along by the advancing glacier, they 
scratched and gouged the barren bedrock over 
which they moved. 

Slowly the vast sheet of ice moved across the 
region of the Great Lakes. The lakes weré not 
present then, for they were born of the Ice Age. 
It was then a region of hills and valleys, probably 
similar to that of southeastern Ohio and West 
Virginia today, with the streams draining toward 
the St. Lawrence River. The valleys were deepened 
and ‘widened and changed in shape; and the ma- 
terials gouged out of them were carried forward 
by the advancing ice. 

By this titne the great mass of ice was over- 
riding the upper Mississippi and encroaching upon 
other northern tributaries of the Teays. The mam- 
moth, the mastodon, and the musk ox, which had 
ranged far northward along the shores of Hudson 
Bay, found themselves migrating ahead of the 
towering ice sheet. They crossed the Teays River 
in great numbers. Today we find their fossil bones 
in Kentucky and West Virginia, and some as far 
south as Florida and Mexico. 

Eventually, the advancing ice reached the banks 
of the Teays and slowly moved across it, burying 
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both the river and its wide valley ben. «th 
blanket of debris. The ice mass inched j\. w 
almost to the tip of southern Illinois be sre 
stopped. Its irregular front tapered backw..rd 
each direction, into New England on the Eas:, a 
into the Montana Rockies on the West. 

lower course of the Teays below Chillicothe | 
buried beneath the vast sheet of glacial ice 

The long wall of ice, which now covered 
upper course of the river, became a great natu 
dam beyond which the headwater flow could 
penetrate. Consequently the upper waters beca: 
ponded, converting the stream into a long narr¢ 
lake confined within the valley walls. Thick la 
of finely laminated clays deposited in this la 
bottom indicate that it stood several thousands 
years before the ice melted and released the pond 
waters.® Perhaps, when the lower course of 
Teays had been uncovered, stream waters aga 
surged through its partially filled valley. On ¢ 
other hand, if its valley had by then become co 
pletely filled with glacial debris, it is unlikely t 
the river ever returned to its previous surf 
course. 

This much, at least, we do know. The gré 
glacier, which had moved southward over t 
Teays and had later melted, was only the first 
four which followed each other in geologica 
rapid succession. Each of these advanced along 
own individual front, so that the points of farth 
advance do not coincide. In many places, t 
later ice sheets extended beyond the limits of t 
earlier ones. Each had the effect of partially 
completely obliterating the deposits dumped by 
preceding ones. In only a few places can all fo 
successive beds of glacial deposits be found on t 
of one another. At least two, probably three, a 
possibly all four of the great glaciers of the 
Age overrode some portion of the lower Tez 
Valley. What the first glacier may have failed 
accomplish was completed by one or another 
the others. When the last of these glaciers 
melted back for the final time, the entire lo 


valley of the Teays was deeply buried. The valli 


was filled with deposits of gravel, sand, and s 
and the glacial debris covered the entire landsca 


the highlands and the former valleys. The averamt 


thickness of the material which now blankets t 
north-central United States is in the neighborh 
of fifty or sixty feet.’ In some places it is thinn 
in others it is thicker by a hundred feet or mo 
Below this general depth are the buried valle 
whose bedrock bottoms sometimes extend seve 
hundred feet deeper.® 

The ponding of the river waters, which wé 
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locked by the ice during one or more of its ad- 
ances across the valley of the Teays, flooded the 





on t@inain valley above Chillicothe and those of the 
*, al@entering tributaries. Such valleys became long fin- 
1¢ Meer lakes. Nearly all the tributaries in southeastern 





















Ohio and adjacent regions of Kentucky and West 
Virginia, in their lower courses, then held standing 
water instead of flowing streams. As a result, the 
bottoms of these temporary lakes, like that of the 
main Teays Valley, received layers of fine silts and 
fnuds that settled out of the water in great thick- 
nesses over the coarser streambed sands and grav- 
tls. Eventually, some of these lake waters over- 
ee iowed their rim: cutting through low divides in 
the. enclosing hi:iis. New systems of drainage 
volved, and when these lakes were finally drained 
by the melting of the glacial dam, stream patterns 
bearing little resemblance to the former Teays 
ystem were in effect. 

Portions of the Teays Valley, such as the aban- 
doned section between Huntington and Charleston, 
West Virginia, as well as similar abandonments 
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Aerial view of the Ohio River where it cuts diagonally across the valley originally occupied by the Teays 
River near the outskirts of Russell, Kentucky. (Courtesy of Chesapeake and Ohio Railroad.) 





in various tributaries, were thereafter cut off from 
direct connection with the new stream systems. In 
other cases, the drainages were completely re- 
versed because the glaciers had left the new land 
surfaces sloping generally southward from the 
Great Lakes. For example, the Allegheny and 
Monongahela rivers in Pennsylvania were origi- 
nally northward-flowing tributaries of the St. Law- 
rence River, whose headwaters extended into the 
region of the Great Lakes before the glaciers 
gouged out those tremendous basins. The direction 
of their flow was reversed by the advancing ice, 
and they were made to merge at Pittsburgh, thereby 
sending a flood of water southward—the start of 
the modern Ohio River. These waters poured 
southward toward Huntington where they found 
the now-abandoned valley of the Teays, which they 
followed as far as Wheelersburg, Ohio. Additional 
waters, pouring southward all along the melting 
front of the glacial ice, added their torrents to the 
new river. Since the river was prevented from con- 
tinuing to Chillicothe in the old valley, which now 
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had a slope in the opposite direction, the waters gravels that fill the buried valley than it . { 
broke over the low divide to the west and poured them to seep through the bedrock on either sic 
into the previously existing lower Ohio Valley there remains an avenue for the moveme:t 
which then had its source near Cincinnati. Thus ground water along the old channel. The | eay 
the Ohio River, as we know it today, came into River is not really gone; its waters still flow slowlffugenics 
existence, replacing in part the surface system of underground. @ Harvai 
the Teays. The discovery of the buried Teays Valley as 

A million years have passed since the advancing carrier of subsurface water has greatly advance 
ice of the first great glacier slid down over the the cause of geologists whose task it is to searc 
valley of the Teays. This represents a mere fraction for adequate supplies of ground water. In man 
of the much greater length of time that the age- parts of the United States our expanding econom 
long Teays had dominated the drainage of pre- and increasing population have drawn so heavil 
glacial interior America. But during this relatively upon the supplies of water that many communitie 
much shorter time, the ice sheets completely and areas have found themselves dangerously shor 
changed the face of the lands over which they of this basic necessity even when no drouths exist 
moved, They established the Great Lakes, they In the future, geologists concerned with such prob 
left 10,000 smaller lakes in Minnesota, they turned lems will search for buried river channels with thé 
the headwaters of the Missouri southward, they same diligence that they now search for hidder 
pushed the lesser Mississippi to the west, and sent pools of oil and gas. 
the combined waters of a new river system down 
across the old delta of the Teays. 

In spite of these tremendous changes, the Teays 1. Ticht, W. G. U.S. Geol. Survey, Profess. Papers 
River is not totally extinct. Its headwaters, be- Ra Bictg ge J. Geol., 51, 411 (1943). 
tween North Carolina and central West Virginia, 3) Frit, R. F. Ibid., 49, 626 (1941). 
still flow, under different names, along the identi- ‘. senna, fo t8id, ot te b apie be one 
cal age-old channel. At St. Albans, they were 6° Tawsenn, R. E., and McCoy, G. B. Proc. West Vall 
simply diverted to add their flood to the new Acad. Sci. 53, 1953. 
Ohio. But much more important is the fact that = VER tty Ppa ce ise (1938). 
the greater, buried portion of the Teays still car- 9° Janssen, RE. Sci. ‘American, 186, 74 (1952). 
ries its waters across Ohio, Indiana, and Illinois. 10. Stour, W., and Lams, G. F. Ohio J. Sci., 38, (1939). 
Because it is much easier for rainwaters and melted eT ater te been Ball rr ane vee Ome 
snow to percolate between the loose sands and 19 Ver Sterc, K. Ohio J. Sci., 46, 297 (1946). 
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150 YEARS OF ATOMIC PHYSICS 


One hundred and fifty years ago (Oct. 3, 1803) John Dalton, in a paper 
on the solubility of gases in water, made a remark which started the “Modern 
Atomic Theory.” “An inquiry into the relative weights of the ultimate par- 
ticles of bodies is a subject as far as I know entirely new. I have lately been 
prosecuting the inquiry with remarkable success. The principle cannot be en- 
tered upon in this paper but I shall subjoin the results as far as they appear to 
be ascertained by my experiments.” He then gives a “table of relative weights 
of the ultimate particles of gases and other bodies,” the first table of atomic 
weights. 

Dalton’s researches were made available in 1808, when he published his 
New System of Chemical Philosophy. “Therefore, we may conclude that the 
ultimate particles of all homogeneous bodies are perfectly alike in weight, 
figure, etc. In other words every particle of water is like every other particle 
of water: every particle of hydrogen is like every other particle of hydrogen, 
etc.,” (New System of Chemical Philosophy, p. 142). (Discovery, Vol. 14, 
No. 10, October, pp. 318-320, 1953, also gives a reading list on the history of 
the Atomic Theory.) 
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ugenics: Galton and After. C. P. Blacker. 349 pp. $5.00. 
Harvard University Press, Cambridge, Mass. 1952. 


OR more than twenty years Dr. Blacker has been 
General Secretary of the Eugenics Society of Lon- 

o and a frequent adviser to the British Government on 
opulation problems. He has written or edited eight 
wevious books, of which The Chances of Morbid In- 
eritance (1935) is perhaps the best known. His long 

ciation with and leadership of the eugenics move- 
ient in England eminently qualify him to discuss the 
ast and evaluate the present trends in this field. 

This book is divided into two parts, of which the first 
126 pages) is a brief account of the life and work of Sir 
Francis Galton, founder of the Eugenics Society. Nu- 

erous pertinent quotations from Galton’s writings are 
iven. Blacker is particularly interested in describing 

alton’s personality and his attitudes toward religion, 
evolution, and eugenics in the Victorian world, in which 
there were many sharp controversies on these subjects. 
jalton’s many and varied interests in scientific and social 
Nields are discussed, and their startling variety is under- 
\cored by an appendix which lists the 227 titles in Gal- 
ijon’s personal bibliography. 

The second part of this book, entitled “After Galton,” 
describes the development of eugenics after the death of 
Galton in 1911. The treatment is largely historic, de- 
scribing developments as a logical outgrowth of Galton’s 
views and emphasizing the debt to these of much cur- 
rent thought on eugenic and population topics. The 
chapter on population growth is well done, with a sim- 

G plified description of the demographic cycle and perti- 
nent remarks concerning the “demographic dilemma” 
which confronts the world today, particularly in refer- 
ence to the problems of overpopulation in Asia. The 
discussion of recent developments in testing procedures 
leaves much to be desired, although the writer reminds 
us of reservations, qualifications, and difficulties encoun- 
tered in various types of tests of intelligence, aptitudes. 
and skills that are all too frequently overlooked, even 
by those particularly trained in the use of such tests. 
The chapter on developments in genetics is the longest 
in the book (50 pages) and gives a brief review of some 
of the outstanding mileposts reached in the past 50 
years, but it is more concerned with a discussion of philo- 
sophical aspects of genetic theory than with a presenta- 
tion of historic fact. Fifteen pages of this chapter are 
devoted to discussion of “biological science in the 
USSR,” with a description of the development and 
tenets of Lysenkoism and its opposition to Mendelian 
genetics. The author exhibits the expected revulsion for 
the determination of “correct” scientific attitudes by po- 
litical edict, but seems hopeful that some compromise 
position based on fact and not on political expediency 
may eventually be reached in this controversy. 

In the two final chapters, Dr. Blacker summarizes his 
views on eugenics under the title “Eugenics Today.” 
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There is discussion of standards of eugenic value, th- 
uses of para-medical services such as marriage guidance, 
health examinations and birth control, problems of iden- 
tification of eugenically favored and unfavored families, 
and of economic measures which could promote the 
well-being of children. Blacker’s conclusions and recom- 
mendations for future eugenic progress should probably 
be accepted as representative of British thought and of 
the position of the Eugenics Society. His opinions are in 
many ways similar to those that have been expressed in 
this country by Frederick Osborn (Preface to Eugenics, 
1951), and which largely represent the opinions of the 
American Eugenics Society. As the quality and quantity 
of its future citizens are certainly among the most valu- 
able natura! resources of a nation, these conclusions and 
recommendations are of outstanding importance and de- 
serving of wide and thoughtful discussion. 

C. Nasu Hernpon 
The Bowman Gray School of Medicine 

of Wake Forest College 

Winston-Salem, North Carolina 


Introduction to Logical Theory. P. F. Strawson. 266 pp. 
$3.50. Wiley, New York; Methuen, London. 1952. 


HIS book has two main aims: to bring out the 
relations and contrasts between ordinary discourse 
and formal logic, and to clarify, at an introductory level, 
the nature of formal logic. It is also intended to include 
enough elementary material to provide a basis for 
the study of its philosophical aspects, and to serve as 
an introduction to more advanced technical treatise. 
It begins with a discussion of the logical appraisal 
of statements in terms of the concept of inconsistency, 
and continues with an explanation of the object of 
formal logic, the use of formulae, the notions of logical 
form and logical system. Then we have a description 
of the propositional logic in term: of truth functions 
and truth tables, with some indication of the formu- 
lation of this logic as a deductive system. The author 
passes to the Boolean logic of classes as an alternative 
interpretation of the same abstract system, and as a part 
of the logic of propositional functions of one variable. 
He then treats the Aristotelean logic of classes and shows 
its consistency and its interpretability in terms of the 
Boolean logic. After a very sketchy introduction to 
propositional functions of several variables and the 
theory of relations, he analyzes in detail the relations 
between formal logic and the logic of ordinary discourse. 
He concludes with a chapter on inductive reasoning 
and probability. 

The author falls between two stools in attempting to 
write simultaneously an introductory book for be- 
ginners and an original contribution to the logical analy- 
sis of ordinary speech. His effort to take care of the 
complications due to the vagueness, ellipticity, ex- 
ceptions, and anomalies of ordinary discourse leads to 
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an awkwardness and obscurity of style, making the ex- 
position unnecessarily difficult for the uninitiated, while 
the detailed discussion of some obvious matters in very 
elementary terms is often rather tedious for the better 
prepared reader. It leads him to write such sentences 
as: “Then we can frame our desired general entailments 
on the following model: any statement made by the use 
of a sentence which could be obtained by substituting a 
certain word or phrase for the variable in the formula 
‘x is twenty-nine years old’ entails the statement made 
by the use in the same context of the sentence obtained 
by making the same substitution in the formula ‘x is 
under thirty years old’” (p. 30), and “The standard 
or primary use of an ‘if... then...’ sentence, on the 
other hand, we saw to be in circumstances where, not 
knowing whether some statement which could be made 
by the use of a sentence corresponding in a certain 
way to the first clause of the hypothetical is true or not, 
or believing it to be false, we nevertheless consider that 
a step in reasoning from that statement to a statement 
related in a similar manner to the second clause would 
be a sound or reasonable step; the second statement 
also being one of whose truth we are in doubt, or which 
we believe to be false” (p. 83). 

At. the same time, the limitation to an elementary 
exposition prevents him from developing the technical 
machinery needed to deal with the logical problems of 
langaage adequately. The author makes a valiant at- 
tempt, and has buried in his book some suggestive ideas. 
But the reader who patiently tries to dig them out will 
often be disappointed when the author raises an inter- 
esting problem, points out its importance and difficulty, 
and then makes no serious effort to tackle it. 

The book is unsatisfactory as a preparation for further 
study because of its frequent use of nonstandard termi- 
nology and very meager references to the literature. 
Its insistence on the inadequacies of modern logic 
and the sins of most other writers on the subject, to- 
gether with its concentration on matters which, from a 
beginner’s common-sense point of view, would appear 
to be quibbling over trivialities, will hardly give him an 
appreciation of the beauty, fascination, and power of 
modern logical theory, and would, indeed, discourage 
him from pursuing the subject further. 

The working scientist in a nonmathematical field 
usually becomes interested in logical theory for one of 
two reasons. He often wants to know the techniques of 
theory construction—how to organize his ideas into a 
deductive system, the uses and limitations of such a 
system, the things to look for and to avoid in such a 
theory. The author gives no example of a deductive 
system, nor does he indicate in any way the central 
importance of such systems in formal logic. 

The experimental scientist usually wants the help of 
the mathematician or logician in the design of experi- 
ments or the interpretation of empirical results. He 
wants, for example, to know whether he is justified 
in drawing a certain conclusion from his data, or how 
to test a given hypothesis, or whether he can estimate 
a certain probability on the basis of his observations. 
The author, in his last chapter, is primarily concerned 
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with the question: “What reason have we plfmuddy 
reliance on inductive procedures?” (p. 249). He @icooper. 
cides that the question arises from confusion, | hat round ¢ 
previous answers are spurious, and that “indu-tionMyjenna, 


rational (reasonable).” He does not discuss th prq 
lem of how to assess the degree to which a give: set 
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data support a given proposition. In th 
It is unfortunate that the author has overburdened MOb anc 
elementary introduction with matters which md™fcan ap} 
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properly belong in a research publication. We ho 
that he will at least salvage his valuable insights on { 
logic of language in some future exposition, for exper 
of a fully detailed technical treatment. 

Pau C. Rosensio 
U. S. Department of Commerce 
National Bureau of Standards 
Los Angeles, California 


Along the Great Rivers. Gordon Cooper. 159 pp, @ Incl 
plates. $4.75. Philosophical Library, New York, 195 Americ 
N° matter how many books are written on t we 
world’s great rivers, there always seems to HM jusion 
room for one more. Especially is this true when an auth librarie 
speaks from the standpoint of a traveler and reporte and se 
as Gordon Cooper does. His latest work appears to Hl cence 
something of a sequel to Dead Cities and Forgott 
Tribes published a year ago. Both volumes featumy; ¢ | 
people and the things they do, rather than places anf washi. 
statistics. 

Name the important rivers that come easiest to min 4:95 
on each of the continents and the chances are you'll hi phil 
most of the ten covered in this book—missing perhap 
only one, the Murray, mighty life-line of South Au 
tralia and Victoria. The name probably should 
hyphenated to include the Darling, for this tributary ig Meth« 
as important to Southeastern Australia as the Missouggmg be int 
contribution to the Mississippi-Missouri system is to ougag! pro! 
own mid-continent states. The author tells the story of teachi 
how Mildura, Victoria was reclaimed from a deserggm the né 
waste by dispossessing the rabbits and putting to wor Wh 
the millions of gallons of water flowing seaward. All off precis 
this happened within about the same time-span whereisg clear. 
U.S. pioneers performed similar miracles in areas ofj™ Spino 
parched America. of the 

On the other hand, the story told in the chapter omg cal at 
the Mississippi is one of floods only partially controlledjij for sp 
of Spanish and French influences still apparent; and ofjj™much 
a strange community called Gee’s Bend, a remote rive worlc 
spot uninvaded by automobiles or the tax collector nti matic 
recently. accef 

No one could possibly leave out the Nile in consider¥™ God 
ing rivers that have meant most to men and civilization essen 
nor the Yangtze Kiang, so vital to other untold millions unity 
for centuries before Marco Polo saw it, nor the Ganges,jgg And 
Holy River worshipped by India’s multitudes. wher 

With Cooper and David Livingston the reader in pe 

to t 


vades Darkest Africa along the Zambezi to Victoria 
Falls, camps out in the African veldt. The Danube, TI 
Highway of Races, is another inescapable topic—Irongi what 
Curtain or no. Blue is its color, with poetic license—j™ "abit 
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muddy grey or dull green in actuality, according to 
Cooper. History, legend, and stories of commerce help 
ound out the author’s personal experiences, mostly in 
Vienna, the native or adopted home of Strauss, Schu- 
pert, Augustin, Gluck, Mozart, Haydn, Beethoven, and 
Brahms. ‘ 

In the USSR the Volga was chosen over the longer 
Ob and Lena rivers, perhaps because almost everyone 
can appreciate how much the Volga means in the affec- 
tions of the whole Russian people. Those who are foot- 
joose and fancy-free will lament with Cooper that “It 
seems strange today to realize that only 20 years ago 
foreigners were welcome visitors to Russia . . . that they 
could travel about more or less freely, in most parts of 
the country. You could, for instance, go to Cook’s and 
buy a ticket right through from London to Tokyo, by 
way of the Trans-Siberian Railway, and you could like- 
wise make a trip down (or up) the Volga.” 

Include also the St. Lawrence on your list and South 
America’s Amazon, mightiest of all earth’s rivers, and 
you will have duplicated the author’s choices for chapter 
headings. The little volume is an excellent one for in- 
clusion on the reference shelves of school and public 
libraries, even though it doesn’t offer much to scholars 
and serious students of river lore, river commerce, or 
science. 


rd ned 
‘ich mc 
We ho 
hts on t 
or expe 


SENBLO 


9 pp. 
rk, 195 


1 ont 
ns to j 
in authd 
reporte 
irs to | 
orgotte 

featu 
ices an 














Hersert B. Nicuots 
J. 8. Geological Survey 
Washington, D. C. 
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Atoms, Men and God. Paul E. Sabine. x + 226 pp. $3.75. 
Philosophical Library, New York. 1953. 


a scientist, emotionally conditioned toward 


uld b religion by haviag been raised in the home of a 
utary ig Methodist preacher, tries to answer the question, “Can I 
fissougm be intellectually honest in believing what, as a Christian, 
to oui! profess to believe and at the same time accept the 
tory of™ teachings of modern science and psychology regarding 
deserm the nature of man and God and the physical world?” 
> wor While the answer is unquestionably affirmative, the 
All off precise nature of the reconciliation achieved is not too 
hereigm clear. In some places the author seems to adopt a 
eas Spinozistic position which conceives of the “final stuff” 
of the world as exhibiting itself under two aspects, physi- 
ter org cal and psychical. Such a view, of course, makes a place 
‘olled@@™# for spiritual values. In others he argues for a conception 
ind off™ much like that of Weyl and Jeans, who find God in the 
rivet™™ world because of the remarkable “fit” which mathe- 
until’ inatical formulae have. In still other places he seems to 
accept a somewhat disguised Berkeleyan idealism, “that 
sider##™ God and the atoms and the human soul are one in 
ationfim™ essence, a spiritual trinity, three expressions of the 
lion unity of the living Soul of a living universe” (p. 219). 
nges@™m And one finds suggestions of Eddington and Compton 
when he employs the principle of indeterminacy to 
r in argue that “choice” is not unmeaningful when applied 
torial to the physical world. 
ube, The author is obviously sincere, and struggling with 
Trong™ what is for him a vital problem. There is little of origi- 
s¢— HM tality in the work; the “arguments” for the existence of 
ALY Gi December, 1953 





God and the justifiability of religion are those which 
have been repeatedly discussed in the history of philos- 
ophy, and such as one can find, somewhat more care- 
fully formulated, in any good introduction to philosophy. 

A. CorneLius BENJAMIN 
Department of Philosophy 


University of Missouri 


The Itinerant Ivory Tower. G.E. Hutchison. xi+ 261 
pp. $4.00. Yale Univ. Press, New Haven, Conn.; Ox- 
ford Univ. Press, London. 1953. 


Dera friend tells me that Mr. Hutchison toyed 
with the idea of calling his book “From a Plastic 
Tower.” I rather wish he had, because a plastic tower 
sounds like a fresh and personal vantage point from 
which to view the world. Ivory is anachronistic, even 
when itinerant. To be sure Mr. Hutchison is anachron- 
istic in some ways in this book. It is a book of essays, 
and in our plastic world the essay has given way to the 
article—a substitution that seems more deplorable than 
the change from ivory. 

This is, then, an unusual book. Books by scientists 
tend to be either summaries of knowledge of a particular 
field or (rather rarely) popularization hopefully aimed 
at a wide audience. This is a wide book aimed at a 
narrow audience. At least the trade publishers would 
regard it as a relatively narrow audience—literate 
people with an interest in science and ideas and able, 
occasionally, to read meditatively. Maybe this audience 
is larger than the publishers think. 

Most of the materials of the book were originally pub- 
lished as “Marginalia” in the American Scientist, but 
they seem to me to read better in book form than in the 
journal, and I don’t think anyone should overlook the 
book just because he has followed “Marginalia.” When 
the snippets are all strung together they give a much 
more adequate impression of an unusual and stimulating 
mind; and the diverse ideas, in close juxtaposition, gain 
considerably in force. 

The word “biogeochemistry” doesn’t occur in the 
book (at least it isn’t in the index), though the holistic, 
biogeochemical point of view is implicit everywhere, 
There is as much anthropology as biology here, and 
perhaps more philosophy and criticism (in the old- 
fashioned meaning of the word). Many stretches of 
text are pleasantly enhanced by a haze of erudition— 
at least I found the erudition pleasant. I don’t think 
the author was using the erudition to cover up flaws 
in his argument, but I don’t really care. 

A review should probably make some mention of con- 
tents; but there is such a diversity here that I don’t know 
how to go about it. There is discussion of bird behavior 
in relation to psychoanalysis; analysis of Kroeber’s 
too-little-known Configurations of Culture Growth and 
of Huntington’s too-well-known Mainsprings of Civili- 
zation; some rather cutting remarks about the loves dis- 
covered in the Yale index cards by Ford and Beach; 
unreserved tribute to Ruth Benedict and D'Arcy 
Thompson; reflections on religion as a taboo subject. 

My humanist friends often make snooty remarks 
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about narrow-minded and illiterate scientists. I am 
going to lend them this book. I think our graduate 
students often are pretty narrow-minded, and I am 
going to recommend it to them, too. But I hope I 
don’t lose my copy because I'll be needing it in my own 
daily living—there are many things here that I aim 
to crib and pass on to my captive undergraduate 
audience. 

Marston Bates 
Zoology Department 
University of Michigan 


Succulent Plants: Other Than Cacti. A. Bertrand. 112 
pp. Illus. + plates. $4.75. Philosophical Library, New 
York. 1953. 


HIS small and unpretentious work of A. Bertrand 
has much to recommend it to the amateur who 
desires to learn something about succulents as well as to 
grow them. One only wishes he had elaborated a bit 
more upon the culture as well as the control of pests 
and diseases. This last, all too often overlooked by the 
would-be grower, frequently proves costly and disap- 
pointing in the loss of plants, and causes many gardeners 
to give up the growing of succulents as too difficult. 
Confining the descriptions to the more readily avail- 
able plants is a wise step, and one which this reviewer 
wishes would be followed by more writers on similar 
subjects. The illustrations are excellent and well-chosen 
and give a good overall view of succulents in general. 
The descriptions are concise and would serve well to 
help one recognize the plants to which they refer. In 
the attempt to bring the nomenclature up to date, a few 
errors occur, but these need not detract from the unmis- 
takable value of this little book for the beginner who 
wants to learn about succulent plants. 
Epwarp J. ALEXANDER 


The New York Botanical Garden ‘ 


Our Neighbour Worlds. V. A. Firsoff. 336 pp. Illus. 
+ plate. $6.00. Philosophical Library, New York. 
1953. 


es is a pity that such entertaining style and generally 
lucid exposition should be wasted on a book of so 
little real worth, The author has tried to produce a pop- 
ular account of present-day knowledge and _ theories 
about the solar system, combined with a discussion of 
the possibilities of space travel. He has read most of the 
elementary books and a few of the more advanced ones, 
but has not always understood what he has read. The 
reader to whom Mr. Firsoff has addressed his book 
would: be well advised to consult the author’s sources 
instead. 

Examples of the author’s lack of real understanding 
are to be found in his statement of Kepler’s Second Law 
(p. 26), and his discussion of the sun’s orbital motion in 
the galaxy (p. 18). The phrasing of Kepler’s Second 
Law apparently is original, and that is probably why it 
is wrong. The velocity of the sun relative to the stars 
in its neighborhood is said to be its orbital velocity. The 
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actual value is about 10 times larger. The referer es +, 
“astigmatic lenses” (p. 60), “General Vanderbur.” | 


power 

95), and the “MacDonald Observatory” (p. 292) ad@ffoived 
probably due to carelessness and not ignorance. lenge © 
The first four chapters give a general astron: micafih Like 


introduction and a discussion of theories of the origi; 
of the solar system. Firsoff has his own theory, but hj 
discussion of this includes calculations based on a figurd 
for the number of stars in the galaxy (p. 41) which ; 
too small by a factor of 10. The next four chapters ard 
devoted to the possibilities of space travel, and thes 
are followed by six chapters giving a survey of thd 
planets and their satellites, and the asteroids. Comet; 
are ignored, and meteors are discussed in connectior 
with problems of space travel. The final chapter is 
mathematical appendix. 

Other books by the same author are listed as follows: 
Arran with Camera and Sketchbook, The Cairngorms o 
Foot and Ski, The Tatra Mountains, Ski Track on th 
Battlefield, and The Unity of Europe. In preparatio 
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is: In the Hills of Breadalbane. The “blurb” on th 
jacket of the book describes him as a “fully qualifie le 
and practical astronomer.” This is a mislabeling of an tr 
intellectual product comparable with the mislabelingggin the 
of worthless, but harmless, drugs and chemicals. autho: 
Frank K. Epmonpsonggsearct 
Goethe Link Observatory anon 
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A Free Society. Mark M. Heald. xii+546 pp. $4.75 ggiorm 
Philosophical Library, New York. 1953. - 
deals 


HE future of democracy may indeed be an articlefiil ered 

of faith, but it is by no means a certainty. In anf vides 
ever more complex world where the individual is eve matte 
less secure, democracy is being required to repel at-i@hered 
tacks and dispel doubts under conditions that will tax 
it to the utmost. The extent of its success will in th 
long run depend on the capacity of those who cherish it 
to re-examine its problems and reconsider its very es- 
sence in the light of the new conditions that mark 
society at mid-century. 

These tasks Professor Heald has undertaken in A Free 
Society, not as a contribution to political science but ir 
order “to provide the average citizen of a flourishing 
democracy with some guides for his thinking with regard 
to an admittedly confused and paradoxical popular un 
derstanding of a vital and practical political concept.’ 

This is a large order and a commendable enterpris¢ 
to which he brings a thoughtful analysis and a consider 
able talent for condensation. The book is comprehensive 
if necessarily somewhat superficial in places. Atten 
tion is given in about equal proportions to the philo 
sophical and historical aspects of democracy and to 
description of its present state, its challenges, and thegi hos 
way it can be made to function better and to flourish 4 amar 
Heald has a laudable and understandable convictio and 
about the superior merits of democracy. He is also aware vine. 
of its imperfections and inconsistencies, its vulnerabili dysr' 
ties and dilemmas. Many of the points he makes are welll for 
taken; for example, his comments on the prevailing pre 
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yecupation with security as the prime value in society, 
the negative attitude of Americans toward political 
ower and the institution of government, or the un- 
wlved problems of economic democracy and the chal- 
lenge of the welfare state. 

Like most of mankind, however, the author is better 
at describing problems than at offering solutions. Per- 
haps it is unreasonable to expect more in the way of 
prescriptions than the exhortations and generalizations 
he often provides. As a guide to the average citizen the 
book would be more interesting and of greater value, in 
any case, had he made more frequent use of specific 
instances and illustrations throughout. A Free Society 
is nonetheless a thoughtful and a useful general treat- 
ment of a vital topic. 
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‘Né@ Heredity in Health and Mental Disorder. Franz J. Kall- 
re mann. 315 pp. Illus. $6.00. Norton, New York. 1953. 
on the 


jualified ee, in medical genetics is increasing all the 
g of a time, and nowhere is that interest more intense than 
labeling in the area of mental health and mental disorder. The 
‘GB.uthor of this volume has spent twenty-five years in re- 
search on schizophrenia and other forms of mental 
anomalies, and for sixteen of those years has developed 
the Department of Medical Genetics at the New York 
State Psychiatric Institute. He is best known for his 
formulation of the twin-family methods of investigation. 

The book is in three major parts. The first section 
im (cals with the general principles and methods of human 
heredity. It is clearly and interestingly written and pro- 
vides a valuable introduction to the more technical 
matter of the following sections. Part Two discusses 
heredity in relation to specific mental disorders. Many 
case histories from the personal files of the author are 
presented, to illustrate clearly the principles and conclu- 
ions at which he arrives. The author rightly insists on 
asharp differentiation between schizophrenia and manic- 
depressive psychosis, which have been thought by some 
to be either clinically or genetically related. Evidence is 
presented for the dependence of manic-depressive psy- 
chosis on a dominant gene substitution with incomplete 
penetrance. In schizophrenia, on the other hand, a re- 
cessive gene appears to be involved. The chance of de- 
veloping schizophrenia increases in direct proportion to 
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cept. ithe degree of blood relationship to a schizophrenic indi- 
“Tpris@ii vidual: about one per cent if no relatives are known to 
usider have the disorder, 7 per cent for a half brother or sister, 
ensive. 





l¢ per cent for a full brother or sister, or a fraternal 
twin, or one parent; and 86 per cent for a schizophrenic 
identical twin. 

Also discussed are involutional psychoses, senile psy- 
choses, epilepsy, and neurological disorders such as 
amaurotic idiocy, paralysis agitans, Huntington’s chorea, 
and diffuse cerebral sclerosis. The author is not con- 
vinced that the dominant gene hypothesis for cerebral 
dysrhythmia, as shown on electroencephalograph records 
for epilepsy, is fully substantiated. 
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The final section is devoted to a very fine discussion 
of the applications of genetics in mental health plan- 
ning. All counselors, psychiatrists, and others who are 
called on for family guidance should read this part care- 
fully. It is very well done. The book is copiously illus- 
trated throughout and is finely printed and bound. 

LaurENCcE H. Snyper 
Graduate College 
University of Oklahoma 


The End of the World: A Scientific Inquiry. Kenneth 
Heuer. 220 pp. Plates. $3.00. Rinehart, New York. 
1953. 


ale years ago a Moscow astronomer, A. Vo- 
rontzoff-Veliaminov, criticizing the description of 
the possible future explosion of our sun given in a book 
by L. Goldberg and L. H. Aller, wrote: “The purpose 
of such realistic descriptions in the capitalistic world is 
to prove the futility of the life on the Earth, and to under- 
mine the will of the people to rebuild their social or- 
der.” Judging by these standards, the recent book by 
Kenneth Heuer represents supercapitalistic propaganda, 
since from the beginning to the end it discusses all think- 
able, and a few unthinkable, ways in which our little 
planet might meet its doom. Heuer does so in very vivid, 
realistic language supported by a number of impressive 
illustrations. The book contains a large amount of in- 
teresting historical information concerning historical 
predictions of the end of the world. We learr, for ex- 
ample, that, according to Bernard, a hermit of Thurin- 
gia, the end of the world was due in a.p. 992, the vear 
when the Annunciation of the Virgin fell on the same 
day as Good Friday. This year passed, and the world 
still continued! According to Nostradamus, the king of 
astrologers, the end of the world had to come on the 
day when Easter Sunday would fall on St. Mark’s day 
(i.e., April 25th). It is amusing to learn that, according 
to the calendar accepted in Nostradamus’ time, such a 
coincidence was absolutely impossible, but it became 
possible according to the new (Georgian) calendar in- 
troduced in 1582, twenty-six years after Nostradamus’ 
death. The next danger-day to watch is April 25th, 
2038! 

Having covered the historical background of the prob- 
lem, the author turns to the world catastrophes which 
could be expected on the basis of strictly scientific astro- 
nomical data. He considers the possibility of a collision 
of the Earth with the head of a comet, which, without 
destroying our globe, might cause damage comparable 
to an atomic bomber’s attack in intercontinental war- 
fare. Heuer refers to astronomical calculations which 
show that in some year A.D. 50,000,000,000 + the moon 
will approach very close to the Earth, and, being broken 
into a thousand pieces, will stone the surface of our 
planet by rocks as large as mountains. He also considers 
the eventuality of a star encountering our solar system 
and either colliding with the sun itself, or at least kid- 
napping and carrying away with it our poor Earth. 
Although ali such perils of collision possess exceedingly 
small probabilities, they are all in principle possible, 
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and might happen either within the near or the distant 
future. 

In subsequent chapters, the author turns his atten- 
tion to the future of the Earth that would result from 
the future evolutionary history of our sun. He gives a 
vivid description of boiling oceans and melting rocks in 
the case of a nova-like explosion of the sun, and paints 
a severe picture of ice-bound Rio de Janeiro in the case 
of the sun’s thermal death. 

K. Hener’s book came out a little too early to include 
the most recent views on solar evolution, according to 
which, in a few billion years from now, our sun is bound 
to expand into a red super-giant, gradually engulfing in 
its slowly swelling body the system of inner planets to 
which it once gave birth. It seems, in fact, that such an 
expansion will precede the explosion itself, and subse- 
quent cooling. 


Having dealt with all natural causes that may ter. 
minate life on the surface of our planet, the author ‘urn; 
his attention to the “man-made end of the world ’ }; 
quotes the experts in atomic explosions to the effe: 
all life on the earth can be completely destroyed by , 
number of hydrogen bombs that could be produc«: by 
a major industrial nation in the course of five to ten 
years, and at a cost of only $40,000,000,000. This cer. 
tainly looks like a much more reasonable way o} de- 
stroying humanity than all the astronomical stuff! 

On the whole, the book represents a very amusing, in- 
structive, and exciting reading. 


that 


G. Gamow 


Department of Theoretical Physics 
George Washington University 
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Books Reviewed In SCIENCE 


November 6 


The Human Senses. Frank A. Geldard. New York: 
Wiley; London: Chapman & Hall, 1953. 365 pp. 
Illus. $5.00, 

Reviewed by William R. Amberson. 


Starch: Its Sources, Production and Uses. Charles An- 
drew Brautlecht. New York: Reinhold, 1953. 408 pp. 
Illus. $10.00. 

Reviewed by Roy L. Whistler. 


Psychiatric Dictionary. With encyclopedic treatment of 
modern terms. 2nd ed. Leland E. Hinsie and Jacob 
Shatzky. New York: Oxford Univ. Press, 1953. 781 
pp. $15.00. 

Reviewed by G. N. Raines. 


November 13 


Human Behavior: Psychology as a Bio-Social Science. 
Lawrence E. Cole. Yonkers-on-the-Hudson, N. Y.: 
World Book, 1953. 884 pp. Illus. $5.50. 

Reviewed by Melford E. Spiro. 


Praktische Arbeitsphysiologie (Applied Physiology of 
Human Work). Gunther Lehmann. Stuttgart: Georg 
Thieme, 1953. (U. S. distrib.: Grune and Stratton, 
New York.) 355 pp. DM 33. 

Reviewed by Josef BroZek. 


November 20 


Undtersuchungen iiber die Tiergemeinschaften des 
Bodens: Die Oribatiden und ihre Synusien in den 
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Boden Norddeutschlands. Karl Strenzke. Zoologica 
Band 37, Heft 104, Stuttgart, 1952. 172 pp. 
Reviewed by Edward W. Baker. 


The Sulfapyrimidines. Lawrence H. Sophian, David 
L. Piper, and George H. Schneller. New York: A. 
Colish, for the Lederle Laboratories, 1952. 180 pp. 
Reviewed by E. E. Campaigne. 


Visceral Circulation. A Ciba Foundation Symposium. 
G. E. Wolstenholme, Ed., with assistance of Margaret 
P. Cameron and Jessie S. Freeman. Boston: Little, 
Brown, 1953. 278 pp. Illus. + plates. $6.50. 
Reviewed by Frederick P. Ferguson. 


Deformation and Flow in Biological Systems. A. Frey- 
Wyssling, Ed. Amsterdam: North-Holland Pub.; New 
York: Interscience, 1952. 552 pp. $11.50. 
Reviewed by L. J. Mullins. 


November 27 


Symposium on Chromosome Breakage. (Suppl. to He- 
redity, 6 [1953]). Held at the John Innes Horticul- 
tural Institution, June 9-11, 1952. London-Edin- 
burgh: Oliver & Boyd, 1953. 315 pp. Illus. + plates. 
$7.50. 

Reviewed by Karl Sax. 


Stochastic Processes. J. L. Dobb. New York: Wiley; 
London: Chapman & Hall, 1953. 654 pp. $10.00. 
Reviewed by D. ter Haar. 


Inorganic Thermogravimetric Analysis. Clément Duval. 
Amsterdam-Houston: Elsevier, 1953. 548 pp. Illus. 
$11.00. 

Reviewed by Thos. De Vries. 
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© to ten FIRSTS I wish to mention two peripheral items in the 

"his cer. peprticte. One is the rigging of questionnaires in such man- 

of deer that unwanted responses are not possible. Unfortu- 

uff! ~ Bhately it is a trick that is not unknown in other educa- 

sinc. jn. ional surveys and, of course, it is not to be condoned. 
Indeed, the questionnaire method itself, even when hon- 
stly used, has its limitations in serious research. There 

Gawow a frequently a temptation to regard as true and right 
bnything that a majority of respondents to a question- 
aire believe. But “truth cannot be manufactured from 
rror, no matter how often it is repeated.” 

The other preliminary comment is on Dr. Bestor’s cas- 
‘gation of the “educational bureaucracy,” composed of 
ate departments of education, colleges of education, 
and some voluntary organizations like accrediting agen- 
jes. It is true that some of these have arrogated to 
themselves unwarranted extra-legal powers to set up 
educational requirements, including such things as 

al standards for teacher certification. For example, there is 

©’ Gi teacher who secured a temporary permit from the 

state department of education to teach safe driving 

dasses. After teaching such classes successfully for three 

David @@rears, he could secure a renewal of his permit only by 

rk: A, Making summer school courses in fire prevention and in 

) pp. ithe prevention of industrial accidents! Ridiculous regu- 

lations like this should soon bring an exposure of the 

; intricate operations they resort to for increasing their 
osium. Hibereaucratic control. 

‘rgaret Hl To turn now to the main theme of the article—aim- 

Little, Mlessness in education—it should be noted that the ap- 

pearance of aimlessness results not so much from lack 

of purpose as from uncertainty in the incomplete process 

Frey- ft adapting secondary education to changing conditions. 

; New a2esides this, the contradictions posed by Dr. Bestor arc 

more apparent in educational theory than in classroom 

practices. 

A number of historical developments in secondary 
ducation contribute to this present puzzle. For the pur- 
pose of brevity and simplicity, only a few of them will 
be treated. It is an oversimplification tc regard these 

> He. @’evelopments as having occurred in a brief space of 

ticul- Mag'me, near the turn of the century. But for the purpose 

Edin- Mg’ making ciearer their interaction one upon another, 

lates. acy may be regarded as nearly contemporary occur- 
rences, 

The first in importance and the longest continuing is 

: he gradual increasing enrollment in secondary schools. 
Viley; Hin 1900 less than half of the boys and girls aged four- 
0. m'cen to seventeen were in school. Now, after fifty years 

of expanding secondary enrollment, close to 80% of 
aval. his age group are in school The most rapid increase 
Illus. game early in the century. It was not caused by a sudden 







cA ge 0g on the "go “Aimlessness in Educa- 
ion,” by Dr. Arthw E. , Jr, The "Scientific 
fonthly, 75, 109 (1952). 
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LESS AIMLESSNESS IN EDUCATION* 


thirst for knowledge on the part of numerous adolescents 
but by the rising standard of living. Higher personal in- 
comes now enabled more families to give leisure to 
their young people and to excuse them from wage earti- 
ing or from helping on the farm while they went to 
school. 

This great expansion of the secondary school popuia- 
tion was more than an increase in numbers. It was also 
the coming of a different type of pupil. Up to this time 
the secondary school had existed chiefly for only one 
purpose, namely, preparation for college. Only the very 
brightest and ablest of the young people, whose parents 
at the same time had the means to contribute to their 
support during their student years, were encouraged to 
continue their education into high school. Those who 
could not maintain the pace of Latin, mathematics, his- 
tory, and science for four years dropped out. Those who 
survived were the screened best, acquiring that “intel- 
lectual discipline” of which Dr. Bestor writes so wist- 
fully. For two and a half centuries secondary education 
was of this sort—college preparatory. In the course of 
the years it became standardized and formalized. It was 
this kind of education to which some of our country’s 
ablest leaders and greatest thinkers attributed their suc- 
cess. But probably it was more consequential that the 
educational system had screened and selected the top 
level of intellectual ability. Now with the big expansion 
of secondary education, the screening was less fine and 
more young people stayed in high school even though 
they had no plans to go to college. Their parents de- 
manded for them something besides preparation for 
college. They demanded “practical subjects.” 

This was the second factor contributing to the present 
confusion. A “new curriculum” was developed, mostly 
under popular pressure. The demand was not only for 
utilitarian subjects but also for less difficult academic 
disciplines, such as general mathematics, general his- 
tory, general science, and citizenship. In 1917 the Smith- 
Hughes Act passed Congress, providing for federal aid 
for instruction in manual training, agriculture, home 
economics, and other vocational courses. Thousands of 
public schools in even the small towns across the coun- 
try took advantage of the new law. As the percentage of 
teen-agers that stayed in school increased, the average 
intelligence quotient of the school population declined. 
Other practical and easy courses were added to the cur- 
riculum until today there is proposed “life adjustment 
education.” The old uniform college preparatory cur- 


riculum gave way to the elective system in most high 
schools, where the offerings were arranged in groups of 
required and elective subjects. Now the secondary school 
assumed a dual purpose. In addition to preparing for 
college, it also undertook to educate pupils who were 
not destined for higher education. There was uncer- 
tainty about what this second purpose should be. Prep- 
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aration for life came to be the concept preferred over 
preparation for a vocation. Later it was citizenship that 
received wide emphasis as the new purpose, or character 
training. Recently it has become life adjustment. 

The third development was new knowledge about 
the psychology of learning. In support of the old cur- 
riculum there had flourished the “theory of formal dis- 
cipline.” It was the name given to the belief that the 
mind, like a muscle, could be strengthened or developed 
by exercise on hard subjects, and that then the newly 
acquired power could be transferred to new and dif- 
ferent problems. It was also known as the “transfer of 
training.” The mind was to be disciplined and made 
strong on school subjects and the strength was in later 
life to be transferred to any kind of problem. The 
harder the school subjects, the stronger the mind was 
supposed to grow. 

When psychological research and testing were ap- 
plied to this theory it was found wanting. Experiments 
did not uphold it. Some transfer of training was indeed 
found to occur, but scarcely any was found in pupils 
with low intelligence. The brighter the pupil, the greater 
was the amount of transfer. Thus it became more profit- 
able for those of lower ability to concentrate on specific 
learnings rather than to strive for general intellectual 
discipline. This new point of view further promoted the 
offering of vocational and utilitarian subjects with their 
specific knowledge and skills. And the high school was 
confirmed in its dual purpose, offering intellectual disci- 
pline to abler pupils who could affect a transfer of train- 
ing, and life adjustment education to the less able. 

The final development to be considered is the in- 
fluence of John Dewey and the “Progressive Education” 
movement. Briefly, the emphasis was to be turned to 
the child instead of the subject, to the importance of 
interest in learning, and to learning-by-doing. The forces 
that seemed to be forming to divide educational inter- 
ests into a classical party and a vocational party were 
now greatly accelerated. Soon a conservative party sup- 
plied vigorous opposition to the “Progressives,” uphold- 
ing formal discipline and the traditional curriculum. 
One faction later went in for the “great books.” Through 
the years the slogans of the two parties varied more than 
their steady vehemence. Once they were “indoctrination” 
vs. “freedom”; at another time “competence in subject 
matter” vs. “the child centered school”; or “essentialism” 
vs. “the activity curriculum”; more recently they have 
been “the three R’s” vs. “life adjustment education.” 
The spokesmen in the controversy pulled no punches, 
not stopping short of overstatement and exaggeration 
and thus causing the apparent aimlessness. To the con- 
fusion of many laymen, they often spoke and wrote as 
if they expected that their views were to prevail in all 
education, regardless of the level of pupils’ intelligence. 
In the article under consideration, Dr. Bestor seems to 
wish all pupils, the bright and the dull, to have sound 
“intellectual discipline.” The writer of the Illinois Sec- 
ondary’ School Curriculum Program,* as well as A. H. 

* Illinois Secondary School Curriculum Program, 
Bulletins Nos. 9, 10, 11, 13. 
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Lauchner,+ both of whom Dr. Bestor refutes, wr':e , 
if they expected that all pupils, both the bright an | th¢ 
dull, are to be given such pap as the 55 problems |iste 
in the Illinois curriculum bulletin. 

The key to the reconciliation and interpretation o 
these two points of view is the dual purpose of America 
secondary education. It is also the key to less aimless 
ness. The same school has the brilliant youth who seek 
intellectual discipline adequate for his coming colleg¢ 
studies and his later life career, as well as those wit} 
meager mental endowment, some of whom can scarce] 
learn to read and for whom even life adjustment prob 
lems will be a challenge. To be true to its dual purpose 
the school must adjust its curriculum to both levels o 
ability. In Europe the accepted way of meeting thi 
problem has been to establish separate schools for dif 
ferent abilities, and secondary education has there re 
mained highly selective. But in the United States it ha 
been considered more democratic to provide one schoo 
for all pupils and within that school to make the needed 
adaptations to varying abilities. As exceptions, in thd 
larger centers of population some technical and voca 
tional schools are operated, as is also the Bronx Hig 
School of Science for the mentally gifted. Undisturbed 
by educationai controversy, the private secondary schools 
pursue their single aim, select their students, and pre 
pare them for college. But for the most part, the public 
secondary schools throughout the land continue to re 
ceive in democratic mingling all the children of all the 
people and must continue to apply the principles of 
both sides of the controversy in the effort to adapt thei 
instruction to those who have received ten talents and ta 
those who have received one talent. 


Frep J. Kiuss 


Roosevelt High School 
Cedar Rapids, Iowa 


t Lauchner, A. H. “How Can the Junior High Schoo 
Curriculum Be Improved?” Bulletin, National Associatio 
of Secondary School Principals, Vol. 35, No. 177, Marc 


1951. 
THE QUAESITUM 
THE very able article entitled “On Absolute Measure: 


ment” by N. Ernest Dorsey and Churchill Eisenhar@ 


consists of extracts from a book by Dorsey, selected and 
arranged by Eisenhart. It is full of sound advice to the 
experimentalist but is founded upon notions of an abso 
lute that have been foreign to the thinking of many 
people for half a century. 

To begin with, the ordinary number system in term 
of which measurements are made is a creation of mz 
To give it a position more fundamental than any oth 
part of man’s language is to overlook its basic nature. I 
was made by man for man’s necessities; first counting 
then measurement, and then the solution of algebraic 
equations. 

What do we mean by the*velocity of light? As com 
monly understood, we mean a number which we ge 
when we'do so and so. It is read as centimeters pet 
second, if you will. What meaning can possibly be as 
signed to the term apart from human action? A value i 
used by us which has been reached by a chain of experi 
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ents acceptable to present-day scientists. To talk of 
clocity of light apart from man’s operations is simply 
aking-a noise. The absolute vanishes when viewed criti- 
ally here as in other places in science. Physicists com- 
only speak of the temperature “absolute zero.” Here 
term absclute must be regarded as a name in every 
ay similar to centigrade. No matter how the physicist 
ay define absolute zero, its determination will lead 
hack to measurements by man, and consequently is not 
mly subject to what we may call experimental errors 
ut subject also to the general mutability of human ideas. 
The assumption that any kind of average of a sequence 
f numerical measurements will approach a limit when 
he number of experiments is increased seems naive in 
he extreme. In fact, the very word “limit” when we are 
onsidering experiments in science is subject to challenge. 
ertainly the man who uses it must state what meaning 
}¢ is attaching to the term. Its use according to the ac- 
epted mathematical definition when applied to a sect 
f experiments is non-sense. 
The value of the mathematical limit in statistical 
tudies of experimental data may be clarified to those 
ho have not carefully considered the matter by the 
ollowing brief remarks on the applicability of numbers 
d mathematical processes to physical science. Here 
the term “physical science” is to be construed very 
broadly and is to include much not usually described by 
he word, physical. A mathematical system starts with a 
ét of undefined terms and certain postulates about them. 
There follow strings of theorems formed according to 3 
certain logic, that is, According to an agreed set of rules. 
Now if a physical system consists of a set of objects 


Swhich can be put into one-to-one correspondence with 


the undefined terms of a mathematical system and if 
these objects obey certain laws which can be put into 
one-to-one correspondence with the postulates of the 
mathematical system, we say that the physical system is 
isomorphic to the mathematical system. Applications of 
mathematics step into the picture. Theorems say: If you 
do thus and so, you will get so and so. Now are physical 
ystems ever truly isomorphic to mathematical systems? 
Certainly not, if the mathematical system contains the 
infinite in any form and this includes the continuous. 
The simplest physical law, such as pu =constant, is at 
best an approximate description for certain experimental 
results and then its usefulness is assumed for limited 
ranges of the variables only. The assumption that p and 
» as continuous variables “really” cbey this law assumes 
a fundamentalist definitica of p and v apart from human 
action. “Faith” of this type may have its place in re- 


ligion but is strictly without meaning in physics. Of 
course, formulas may be set up to cover a finite set of 
data. It may then prove to be more convenient to use 
limiting forms for these formulas obtained by strictly 
mathematical means. This is commonly done and has 
been most useful in many types of study. The worker 
should keep in mind that he is working with a mathe- 
matical construct only. For example, the entire subject 
of calculus in applied science is. of this nature. No per- 
son in his right mind when working with calculus should 
assume that its rules are obeyed by a “divine” quaesituin 
It is not proposed to say to what degree it may be 
profitable for a worker to talk about limits in other than 
a mathematical sense and about quaesita. He should, 
however, have a clear realization of what he is doing 
and of the fact that physical science is not absolute. 
Tomunson Forr 
Department of Mathematics 
University of Georgia, Athens 


FATHER OF AMERICAN ANTHROPOLOGY 


Reapers of the very interesting diary kept by Wil- 
liam Fellowes Morgan of a portion of his anthropologi- 
cal trip to the Southwest in 1878, edited by Professor 
Temple R. Hollcroft in THe Screntiric Montuty for 
September, 1953, may be interested to learn that a 
journal of the same trip kept by William Fellowes’ 
“Uncle Lewis”, Lewis Henry Morgan, was edited and 
published by the undersigned in American Antiquity, 
8, 1, 1942. The elder Morgan’s journal was begun on 
June 21 at Canyon City on the way to southwestern 
Colorado. It ended at Taos Pueblo on August 7th, the 
day after William Fellowes’ Journal began. The two 
journals thus provide an account of almost the entire 
trip. 

It may be of interest, also, to note that Lewis H. 
Morgan, the “Father of American Anthropology,” and 
President of the AAAS in 1880, made four ethnological 
field trips into the Great Plains and to Hudson’s Bay 
territory between 1859 and 1862. The fourth of these 
trips was made by steamboat up the Missouri River 
as far as the Rocky Mountains. A brief account of these 
expeditions, based upon Morgan’s journals, was pub- 
lished by the undersigned in American Anthropologist, 
53, 11, 1951: “Lewis H. Morgan’s Western Field Trips.” 

Lesur A. Waite 
Department of Anthropology 
University of Michigan 
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ASSOCIATION AFFAIRS 


PREVIEW OF THE 120TH MEETING, AAAS, BOSTON, DECEMBER 26-31, 1953 


ROM advance registrations and Boston hotel reserva- 

tion data, it is already evident that the 120th meet- 
ing of the American Association for the Advancement 
of Science will be both diversified and well attended— 
in the latter, quite possibly second only te the record- 
breaking New York meeting of 1949. Not only will all 
parts of the continent be represented, but a larger than 
usual number of distinguished foreign scientists will 
participate. 

An inspection of the General Program-Directory, 
which is being sent advance registrants by first class 
mail at this time, shows that the 120th meeting of the 
Association will combine many traditional aspects and 
will also have several new features. 


Special Sessions. One of the characteristic and most 
important features of the annual meetings of the Asso- 
ciation is the series of outstanding general addresses by 
distinguished authorities, sponsored by organizations 
that meet regularly with the AAAS. These special 
events are joint sessions with the Association and are 
open to the general public of the city in which the 
meeting is held. 

I. Sunday evening, Dec. 27, Ballroom, Hotel Statler; 
8:00 p.m. American Association for the Advance- 
ment of Science and the Society of the Sigma Xi. 
Speaker: A. V. Hix, Foulerton Research Professor 

of the Royal Society, University College, London, 
London, England; past president, British Asso- 
ciation for the Advancement of Science. 

Subject: The Design and Mechanism of Muscle 
(Illustrated). 

DetLev W. Bronk, president, Rockefeller Institute 
for Medical Research, and chairman of the Board 
of Directors of the Association; and Lewis J. 
STADLER, professor of field crops, University of 
Missouri, president of the Society, will serve as 
cochairmen. 


. Sunday evening, Dec. 27, Grand Hall, Mechanics 
Building; 8:30 p.m. National Geographic Society. 
Speaker: Luts MarpENn, member, Foreign Editorial 

Staff, National Geographic Society. 
Subject: Sicily, the Forgotten Island (Illustrated). 
Merepitu F. Burritt, vice president for AAAS 
Section E, will preside. 


. Monday evening, Dec. 28, Ballroom, Hotel Statler; 

8:00 p.m. AAAS Presidential Address. 

Speaker: DetLev W. Bronk, president, Rockefeller 
Institute for Medical Research, and retiring presi- 
dent of the Association. 

Subject: The Role of Scientists in the Furtherance 
of Science. 

Epwarp U. Conpon, director of research, Corning 
Glass Works, and president of the Association, 
will preside. 


Preceding the address, Ear: P. SteEvENsoN, presi- 
dent, Arthur D. Little, Inc., and general chair- 
man, seventh Boston meeting, will speak briefly. 


Following the address there will be an ij: 
AAAS Presidential Reception in the adjace:t 
room Assembly. All registrants and memiers 
local committees are cordially invited to 


IV. Tuesday evening, Dec. 29, Ballroom, Hotel Statle 
8:00 p.m. Scientific Research Society of Aineric 
Josepnx W. Barker, Research Corporation, pres 
dent of the Society will preside. 

Speaker: Davin B. STEINMAN, consulting envince 
New York, New York. 

Subject: Suspension Bridges—The Aerodynamj 
Problem and Its Solution (Illustrated). 


. Wednesday evening, Dec. 30, Georgian Room, Hoté 

Statler; 8:30 p.m. United Chapters of Phi Be 
Kappa. 

Speaker: Leonarp CARMICHAEL, secretary, Smit 
sonian Institution. 

Subject: Science and Social Conservatism. 

Kirtiey F. Matuer, professor of geology, Harvar 
University, will preside. WARREN WEAVER, presi 
dent elect, will represent the Association. 


The Scientist in American Society. Early in the yeay 
a committee of Section K and the AAAS Symposiur 
Committee, without knowledge of each other’s plan 
both decided that there should be a program on som¢ 
of the social and political problems confronting Amer 
ican scientists at the present time. The following 2 ses 
sions, combined by mutual consent, are sponsored b¥ 
the Association as a whole: 


Sunday Afternoon, December 27 


2:30 p.m.; Talbot Hall, Mechanics Building; Symposium 
The Scientist in American Society, Part I: Freedon 
for Scientific Inquiry. Arranged by a committee o 
Section K-Social and Economic Sciences, Conran 
TAEUBER, assistant director, Bureau of the Census 
secretary. 


Det.ev W. Bronk, presiding 


. The Beliefs and Expectations of the Public. Crypz 
W. Hart, Hersert Hyman, Paut B. SHEATSLEY 
and Suiruey A. Star, National Opinion Researc 
Center, Chicago, III. 

2. The Social Psychology of Political Loyalty in Lib 
eral and Totalitarian Societies. RaymMonp A. Baver 
legturer on social psychology and research associate 
Russian Research Center, Harvard University. 


Tuesday Evening, December 29 
8:00 p.m.; Paul Revere Hail, Mechanics Building; Sym 


posium: The Scientist in American Society, Part II. 
Arranged by a subcommittee of the AAAS Syn- 
posium Committee: CuHar.es D. CoryeE t, professor 
of chemistry, Massachusetts Institute of Technology, 
chairman, P. M. Morse, and V. F. We1sskoPr. pro- 


fessors of physics, Massachusetts Institute of Tech-] 


nology, and Bart J. Box, associate director, Harvard 
Observatory. 
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Epwarp U. Connon, presiding 


._ The Need for and the Production of Scientists. 
Harotp C. Urey, distinguished service professor of 
chemistry, University of Chicago. 

. Scientists and Other Citizens. Gerarp Pre, pub- 
lisher, The Scientific American. 

3. The Legal Basis for Intellectnal Freedom. MArxk 
De Wotre Howe, professor of law, Harvard Uni- 
versity. 

. Scientists and Political Action. Eowin C. KemBLe, 
professor of physics, Harvard University. 

j, Discussion, led by Epwarp U. Conoon, director of 
research, Corning Glass Works. 


The AAAS Science Theatre, a permanent feature of 
e Association’s annual meeting, presents showings of 
e latest domestic and foreign scientific films—nearly 
| with sound—throughout the meeting period. 
The Science Theatre is a feature for the pleasure and 
iformation of all registrants attending the annual 
eeting. It cannot be for the casual passerby; thus 
mission is restricted to those who wear the AAAS 
mvention badge, or who show an Association registra- 
on receipt. 
ProGraM 1 
nday Afternoon, Dec. 27, 2:00 p.m.—6:00 p.m. 
CuemicaL BrusH Contro.. American Museum 
of Natural History. Color. Sound, 23 min. 

. DEMONSTRATIONS IN PERCEPTION. United States 
Navy. Black-and-white. Sound. 30 min. 

DEcISION FOR CHEMISTRY. Monsanto Chemical 
Company. Black-and-white. Sound. 35 min. 
LocomoTion or SNAKES. New York Zoological 
Society. Color. Sound. 11 min. 

. GENETICS AND Benavior. Joseph J. Antonitis and 
J. P. Scott. Color, Silent. 16 min. 
RaprotsoTorpes: THeEmR APPLICATIONS TO Hvu- 
MANS. Medical Film Guild, Ltd. Color. Sound. 
32 min. 

Tue Cuain or Lire. Pictura Films Corporation. 
Color. Sound. 11 min. 

. Prominence Activity. Sacramento Peak Station 
of Harvard College Observatory, Sunspot, N. M. 
Black-and-white. Silent. 15 min. 

Lives or THEIR Own. Pictura Films Corporation. 
Color. Sound. 11 min. 

MAN TO MAn. Mental Health Film Board. Black- 
and-white. Sound. 30 min. 

. Betrek AND SAFER Hicuways. The Firestone Tire 
and Rubber Company. Black-and-white. Sound. 
7 min. 

Repeated as Procram 4, Dec. 29, 9:00 a.m.—1:00 p.m. 


ProGRAM 2 
Monday Morning, Dec. 28, 9:00 a.m.—1:00 p.m. 

Warninc SHapow. National Cancer Institute and 
American Cancer Society. Color. Sound. 21 min. 

. Leonarpo pa Vincr. Pictura Films Corporation. 
Color. Sound. 68 min. 

. Antarctic Vict. Australian News and Informa- 
tion Bureau. Color. Sound. 10 min. 
Sez How Tuey Swi. Pictura Films Corporation. 
Color. Sound. 11 min. 

. Tarcet Nevapa. Department of Defense. Color. 
Sound. 14 min. 
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Wuicn Fare. National Society for Medical Re- 
search. Color. Sound, 28 min. 

Waters or Coweera. Forest Service, U.S.D.A. 
Color. Sound. 20 min. 

Wuite SpLenpor, Pictura Films Corporation. 
Color. Sound. 11 min. 

HicH Quatity SPICULES AND CHROMOSPHERE. 
Sacramento Peak Station of Harvard College Ob- 
servatory, Sunspot, N. M. Black-and-white. Silent. 
15 min. 

Project TinKERTOoy,. National Bureau of Stand- 
ards. Black-and-white. Sound. 27 min. 


Repeated as Procram 5, Dec. 29, 2:00 p.m.—6:00 p.m. 


PROGRAM 3 


Monday Afternoon, Dec. 28, 2:00 p.m.—6:00 p.m. 


Tuts 1s MAGNeEsium. Bureau of Mines. Black- 
and-white. Sound. 15 min. 

Autonomic Nervous System, Parts III anp 
IV, J. E. Markee and R. F. Becker, Duke Univer- 
sity. Color. Sound. 42 min. 

Sez How Tuey Fy. Pictura Films Corporation. 
Color. Sound. 11 min. 

Oak Wit. National Oak Wilt Research Com- 
mittee. Color. Sound. 22 min. 

Voices UNDER THE Ska. British Information Ser- 
vices. Black-and-white. Sound. 19 min. 

Tue Errect or ELectro-ConvuLsive SHOCK ON 
“ConpDITIONED Anxiety.” H. F. Hunt and J. V. 
Brady. Color. Silent. 14 min. 

BirtH OF AN Ot Frexp. Shell Oil Company. 
Color. Sound. 11 min. 

KinG oF THE River. Pictura Films Corporation. 
Color. Sound. 11 min. 

Lire Story oF A WATER Mox.p, Arthur T. Brice- 
Phase Films. Black-and-white. Sound. 11 min. 
“A” 1s ror Atom. General Electric Company. 
Color. Sound. 16 min. 

New Frontiers 1n Space. McGraw-Hill Book 
Co., Text-Film Dept. Black-an?-white. Sound. 25 
min. 


Repeated as Procram 6, Dec. 30, 8:00 a.m.—noon 


PRoGRAM 7 


Wednesday Afternoon, Dec. 30, noon—4:00 p.m. 


é 


9 
_ 


Lirvinc WaTER Series, PART I: NaAture’s PLAN. 
Conservation Foundation. Color. Sound. 30 min. 


. Raprotsotopes, Part XII: AcGricu_tturaL RE- 


SEARCH. Department of the Army. Black-and- 
white. Sound. 40 min. 


. Tue Sea Lamprey. Fish and Wildlife Service. 


Color. Sound. 13 min. 


. BATTLE or THE Beet ies. Forest Service, U.S.D.A. 


Color. Sound. 16 min. 


. SAND AND Frame. General Motors Corporation. 


Black-and-white. Sound. 20 min. 


. Firyinc Doctor. Australian News and Informa- 


tion Bureau. Black-and-white. Sound. 11 min. 


. THE MECHANICAL INTEREST AND ABILITY OF A 


HomeE-RaiseD CHIMPANZEE. Keith J. Hayes and 
Catherine Hayes, Yerkes Laboratories of Primate 
Biology. Black-and-white. Silent. 60 min. 


. Tue Questinc Minp. General Motors Corpora- 


tion. Color. Sound. 20 min. 


. Woopncock. Fish and Wildlife Service. Color. 


Sound. 14 min. 
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The Itinerant Ivory Tower: Scientific and Literary Es- 
says. G. E. Hutchinson. xi+ 261 pp. $4.00. Yale Uni- 
versity Press, New Haven, Conn., Oxford University 
Press, London. 1953. 

The Works of Archimedes. T. L. Heath, Ed. With a sup- 
plement: The Method of Archimedes. clxxxvi + 377 pp. 
Illus. Paper: $1.95; cloth: $4.95. Dover, New York. 
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Fla. 1953. 

Sex and the Nature of Things. N. J. Berrill. xi + 256 pp. 
Illus. $3.50. Dodd, Mead, New York. 1953. 
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versity Press, New Haven, Conn. 1953. 
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Adolf Nichtenhauser, Marie L. Coleman, and David 
S. Ruhe. 269 pp.+ plates. $6.00. Health Education 
Council, New York. 1953. 

Oil in the Soviet Union. Heinrich Hassmann. Trans. by 


Alfred M. Leeston. xvi + 173 pp. + maps. $3.75. Prince- 
ton University Press, Princeton, N. J. 1953. 
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390 pp. Illus. $7.50. Addison-Wesley, Cambridge, 
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Human Embryology. 2nd ed. Bradley M. Patten. xvii + 
798 pp. Illus. Blakiston, New York and Toronto. 1953. 
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Vaux Walcott as published by the Smithsonian Insti- 
tution of Washington, with additional paintings by 
Dorothy Falcon Platt. H. W. Rickett, Ed. 71 pp. + 400 
color plates. $10.00. Crown, New York. 1953. 

Science and Fruit. T. Wallace and R. W. Marsh, Eds. 
Commemorating the Jubilee of the Long Ashton Re- 
search Station 1903-1953. xiii +308 pp. Illus. + plates. 
30/ ($4.50). University of Bristol, Bristol, Eng. 1953. 

The Logic of Modern Science. J. R. Kantor. xvi + 359 pp. 
$6.00. Principia Press, Bloomington and Evanston, 
i. 1933. .. 

Method and Theory in Experimental Psychology. Charles 
E. Osgood. vi +800 pp. Illus. $10.00. Oxford Univer- 
sity Press, New York. 1953. 

Plant Diseases. The Yearbook of Agriculture, 1933. xviii 
+940 pp. Illus. + plates in color. $2.50. United States 
Department of Agriculture, Washington, D. C. 1953. 

The Way of the World. George H. T. Kimble. x + 123 
pp. $2.50. George Grady Press, New York. 1953. 

Science News, 29. A. W. Haslett, Ed. 128 pp. Illus. + 
plates. $.50. Penguin Books, Baltimore, Md. 1953. 

Science in Progress. 8th series. George A. Baitsell, Ed. 
xiv + 285 pp. Illus. $6.00, Yale University Press, New 
Haven, Conn. 1953. 

The Ant World. Derek Wragge Morley. 191 pp. + plates. 
$.50. Penguin Books, Baltimore, Md. 1953. 


Astrology and Alchemy: Two Fossil Science 
Graubard. xi + 382 pp. Illus. $5.00. Philosop! 
brary, New York. 1953. 

Standard Methods of Clinical Chemistry, Vol. I 
American Association of Clinical Chemists, 
Reiner, Ed. xii + 142 pp. $4.50. Academic Pr: 
York. 1953. 

Readings in the Philosophy of Science. Herbert Feiy 
May Brodbeck, Eds. ix+811 pp. Appleton-C: 
Crofts, New York. 1953. 

A Laboratory Manual of Experiments in Physics. | 
Leonard Rose Ingersoll, Miles Jay Martin, and Th 
dore Alton Rouse. xi+ 286 pp. Illus. $4.00. McGra 
Hill, New York and London. 1953. 

A Manual for the Organic Chemistry Laboratory. Le 
C. Anderson and Werner E. Bachmann. xvi + 164 
Wiley, New York; Chapman & Hall, London. 19 

Glacier Variations and Climatic Fluctuations. H. W::; 
Ahlmann. (Bowman Memorial Lectures.) v +51 
Illus. + plates. American Geographical Society, N 
York. 1953. 

Practical Taxidermy: A Working Guide. John W. Mo 
vii+ 126 pp. Illus. $3.00. Ronald Press, New Yo 
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Machines that Built America. Roger Burlingame. 214 
$3.50. Harcourt, Brace, New York. 1953. 

Medical Research. F. H. K. Green and Gordon Cové 
Eds. (Medical History of the Second World Wa 
xvi+387 pp. 40s. Her Majesty’s Stationery Offi 
London. 1953. 

Atomic Weapons in Land Combat. G. C. Reinhardt « 
W. R. Kinter. 182 pp. Illus. $3.95. Military Serv 
Publ., Harrisburg, Pa. 1953. 

A Tree is a Tree. King Vidor. 315 pp. + plates. $3.9 
Harcourt, Brace, New York. 1953. 

The Tools of Social Science. John Madge. x + 308 
Longmans, Green, London and New York. 1953. 
Thorstein Veblen: A Critical Interpretation. Da 
Riesman. xv + 221 pp. $3.00. Scribner’s, New York a 

London. 1953. 

Your Trip into Space. Lynn Poole. 224 pp. Illus. $2. 
McGraw-Hill, New York and London. 1953. 

Design for Decision. Irwin D. J. Bross. viii + 276 
$4.25. Macmillan, New York. 1953. 

The Structure of Human Personality. H. J. Eyse 
xix + 348 pp. Illus. $5.75. Methuen, London; Wi 
New York. 1953. 

Communication: From Cave Writing to Television. J 
Forsyth Batchelor. vi+ 116 pp. Illus. $2.50. Harco 
Brace, New York. 1953. 

The Mammals of Minnesota, Harvey L. Gunderson 4 
James R. Beer. xii+190 pp. Illus. Paper: $2. 
cloth: $3.50. University of Minnesota Press, Minne 
olis. 1953. 

Reptiles and Amphibians. A guide to familiar Am 
can species. 157 pp. Illus. $1.50. Simon and Schus 
New York. 1953. 

Atoms and Energy. H. S. W. Massey. 174 pp. Illus. $3. 
British Book Centre, New York. 1953. 

Living with a Disability. Howard A. Rusk and Eug¢ 
J. Taylor. 207 pp. Illus. $3.50. Blakiston, New Ya 
1953. 

Flora of West Virginia, Part II. P. D. Strausbaugh 4 
Earl L. Core. 296 pp. Illus. $1.00. West Virginia U 
versity, Morgantown, W. Va. 1953. 
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Dec. 26-31. AMERICAN ASSOCIATION FOR THE ADVANCE- 
MENT OF ScreNcE. Boston, Mass. 

Dec. 27-30. American Astronomical Society. Nashville, 
Tenn. 

Dec. 27-30. American Statistical Association. Washington, 
D. C. 

Dec. 27—30. Institute of Mathematical Statistics. Wash- 
ington, D. C. 

Dec. 28-30. American Anthropological Association (An- 
nual). Tucson, Ariz. 

Dec. 28-30. American Philosophical Association. Roch- 
ester, N. Y. 

Dec. 28-30. Archaeological Institute of America. New 
York, N. Y. 

Dec. 28-30. Western Society of Naturalists (Winter). 
Les Angeles, Calif. 

Dec. 28-31. American Mathematical Society. Raltimore, 
Md. 

Dec. 29-30. Oregon Academy of Science (Annual). 
Portland, Ore. 

Jan. 2-8. Indian Science Congress, Hyderabad, India. 

Jan. 4-5. Conference on High Energy Nuclear Physics 
(4th Annual). Rochester, N. Y. 

Jan. 4-5. The Mathematical Association (Annual). 
London, England. 

Jan. 11-13. Southern Weed Conference. Memphis, Tenn. 

Jan. 13. Astronomical Society of the Pacific (Annual). 
San Francisco, Calif. 

Jan. 13-14, American Pomological Society (Annual). 
Indianapolis, Ind. 

Jan. 13-15. American Society of Photogrammetry (An- 
nual). Washington, D. C. 

B Jan. 13-20. Australian and New Zealand Association for 
the Advancement of Science. Canberra, Australia. 

Jan. 14. American Genetic Association (Annual Business). 
Washington, D. C. 

Jan. 18-22. American Institute of Electrical Engineers 
(Winter general). New York, N. Y. 

Jan, 18-23. Pakistan Science Conference (6th Annual). 
Karachi, Pakistan. 

Jan. 23-28. American Meteorological Society. New York, 
N. Y. 

Jan. 25-27. American Society of Heating and Ventilat- 
ing Engineers (60th Annual). Houston, Tex. 

Jan. 25-29. Institute of the Aeronautical Sciences (An- 
nual). New York, N. Y. 

Jan. 27-29. Conference on Radio Astronomy, Carnegie 
Institution and National Science Foundation. Wash- 
ington, D. C. 

Jan. 27-29. International Technical Conference, Society 
of Plastic Engineers. Toronto, Canada. 

Jan. 28. American Federation for Clinical Research 
(Annual). Portland, Ore. 

Jan. 28-30. American Association of Physics Teachers. 
New York, N. Y. 

Jan. 29-30. American Geophysical Union. Los Angeles, 
Calif 


Jan. 29-30. Conference on Protein Metabolism (10th). 
Rutgers Univ., New Brunswick, N. J. 

Jan. 29-30. Western Society for Clinical Research (7th 
Annual). Portland, Ore. 





PHILOSOPHICAL 
LIBRARY BOOKS 


(] ESSAYS IN SCIENCE by Albert Einstein. The world of science as the dis- 
tinguished physicist sees it. Abridged. $2.75 


EXISTENTIAL PSYCHOANALYSIS by Jean-Paul Sartre. Sartre here blends 
philosophy and psychology in presenting a new psychoanalysis based on the 
principles of existentialism. $4.75 


(] PLANT DISEASES in Orchard, Nursery and Garden Crops by Ernest Gram 
and Anna Weber. Produced for the first time in an English edition from 
Plantesygdomme by two Danish horticultural experts; a Danish work of world- 
wide reputation. Wlustrated. $18.50 


(-] SPADEWORK IN ARCHAEOLOGY by Sir Leonard Woolley. There is no name 
among archaeologists better known than that of Sir Leonard Woolley. The present 
volume is a collection of reminiscences. tllustrated. $4.75 


(] OUR NEIGHBOR WORLDS by V, A. Firsoff. A survey of the solar system in 
conformity with the most recent information is used as a basis for a careful 
investigation of interplanetary travel. Iiustrated. 


NUCLEAR PHYSICS by Werner Heisenberg. Deals among other things, with 

r’s theory, the periodic system and the extra-nuclear structure of atoms. The 
main subject of the book includes radioactivity, the binding energy of nuclear 
structure, artificially induced nuclear transmutations and with the methods of 
observation and of producing nuclear transmutations, The work concludes with 
some account of the practical applications of nuclear physics. With 18 halftone 
iMustrations and 32 line illustrations. 


(J CURIOUS CREATURES by Erna Pinner. The author gives examples of 
curious behavior in the struggle for food, in nest-building, in paternal nursing: 
she shows us birds that cannot fly and four-footed animals that can; creatures 
which, either for protection or for aggression, make themselves appear what 
they are not; creatures living on other creatures for better or for worse; 
ceatures ranking as giants in their own particular sphere. Illustrated. $4.75 


(C) SCIENCE AND MAN’S BEHAVIOR by Trigant Burrow, The author presents 
a completely fresh biological approach to the preblem of behavior-disorder, 
individual and social. $6.00 


ANCIENT HISTORY OF WESTERN ASIA, INDIA AND CRETE by Bedrich 
‘omny. History of Western Asia from mythical times, which date back to the 
beginning of the IV. milliennium B. C. The reader finds himself in regions 
familiar to him from the Bible and follows with unflagging interest the history 
of those ancient civilizations which rose, flourished and decayed in what has 
been described as the oradle of the human race. Profusely Illustrated. $12.00 


ASTROLOGY AND ALCHEMY: TWO FOSSIL SCIENCES by Mark Graubard. 
is shown by the title, this book regards astrology and alchemy as fossil 
sciences rather than as human stupidity. Fossils were once well adjusted to life, 
but in time lost that adjustment, and perished. $5.00 


(J A CONCISE HISTORY OF ASTRONOMY by Peter Doig, F.R.A.S. A new vol- 
ume which provides a comprehensive and concise account of the development of 
Astronomy from earliest times to the present. $4.75 


THE COMPOSITION AND ASSAYING OF MINERALS by John Stewart- 
mington and Dr. Wilfrid Francis. The book is intended to be a guide to 
mineralogy. The crystalline forms of numerous metallic minerals are referred to 
in the descriptions of the ores mentioned. $5.50 


(Cj) THE ATOM STORY by J. G. Feinberg. The first complete and balanced 
book on the atom in the language of the layman. Hitherto, books on the sub- 
ject intended for the ordinary reader have largely stressed one phase of nuclear 
energy: the bomb. Dr. Feinberg does, of course, discuss the bomb, past and 
future, in its fullest detail; but places it in its proper perspective in relation- 
ship to the complete atomic picture. $4.75 
a OUT OF MY LATER YEARS by Albert Einstein. The distinguished physicist 
als with the most urgent questions of modern society: Social, religious, educa- 
tional, and racial relationships. The book shows Einstein the philosopher, Ein- 
stein, the scientist, and Einstein the man. It is a treasury of living thought 
and a striking record of one of our most eminent contemporaries. $4.75 
(] SPINOZA DICTIONARY. Edited and with an introduction by Dagobert D. 
Runes. With a Foreword by Albert Einstein. One of the cardinal thinkers of all 
time answers the eternal questions of man and his passions, God and nature. 
In the deepest sense, this dictionary of Spinoza’s philosophy is a veritable 
treasury of sublime wisdom. $5. 
() MATTER-ENERGY MECHANICS a. Jacob Mandelker. This work represents 
a@ mechanics with the energy aspect of matter me* as its basis. $3.75 
ENCYCLOPEDIA OF ABERRATIONS. Edited by E. Podolsky, M.D. Preface 
Alexander Adier, M.D. This is the first systematic exposition of human aber- 
rational behavior. $10.00 


MAIL THIS COUPON TODAY 
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PHILOSOPHICAL LIBRARY, Publishers 
15 East 40th Street, Desk 548, New York 16, WN. Y. 


Send books checked. To expedite shipment I enclose remittance $ 
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SOVIET SCIENCE 


2nd Printing June 1953 
a publication of the 


AMERICAN ASSOCIATION for the ADVANCEMENT of SCIENCE 


CONTENTS 


Russian Genetics Theodosius Dobzhansky Department of Zoology 
Columbia University 


Russian Physiology and Pathology W. Horsley Gantt School of Medicine 
Johns Hopkins University 


Russian Psychology and Psychiatry Ivan D. London Russian Research Ctnter 
Harvard University 


Scientific Method and Social Science: Russell L. Ackoff Department of Engineering 
East and West Administration 
Case Institute of Technology 


Russian Contribution to Soil Science J. 8. Joffe New Jersey Agricultural 
Experiment Station 
Rutgers University 


Soviet Physics and Chemistry John Turkevich Frick Chemical Laboratory 
Princeton University 


Soviet Mathematics J. R. Kline Department of Mathematics 
University of Pennsylvania 


Science and Intellectual Freedom Lazar Volin Office of Foreign Agricultural 
in Russia Relations 
U. S. Department of Agriculture § 


An Appraisal of Science in the USSR Conway Zirkle Botanical Laboratory 
University of Pennsylvania 


Symposium at the 1951 AAAS Meeting at Philadelphia, published November 1952. 
6 x 9 inches, clothbound, 115 , price $1.25. 

Orders for 10 or more ; copies 1 00 per copy. 

Combination order price $3.00 for both Soviet Science and Industrial Science. 


Mail your order now 

TO: AAAS PUBLICATIONS 

1515 Massachusetts Avenue, N. W. 

Washington 5, D. C. 

Please accept my order for the items indicated below. My check or money order in the amount of 

is enclosed. copies of Soviet Science. 
copies of Industrial Science 
—Present and Future. 








Exclusive combination 
monocular-binocular tube 
for photography 





Now helping to chart new frontiers in all fields of 
scientific’ research, the Leitz Ortholux is universally 
recognized as the ultimate in research microscopes. 
In addition to outstanding precision and quality, it 


gives you all the features needed for easier, 
less tiring microscopic observation. To make 
the Ortholux even more useful, Leitz now 
offers a combination monocular-binocular tube 
which enables you to photograph the microscope 
image without changing tubes. You change instantly 
from microscopic observation to photomicrography. 


All yours in one outstanding instrument— 


Built-in illumination system for 
transmitted or incident light 


Berek double-diaphragm condenser 


Large, square built-in mechanical stage 
with low set drive 


\ 
\ 
| 
Low set micrometer fine adjustment | 
on double boll beariegs 
Counter-balanced coarse focusing | 
Another of the famous Leitz Microscopes. . . recognized | 
everywhere as the finest microscopes produced anywhere since 1849, 


For further information write Dept. 104SM. 


E. LEITZ, Inc., 468 Fourth Ave., New York 16, N. Y. 


LEITZ MICROSCOPES © SCIENTIFIC INSTRUMENTS *© BINOCULARS 
LEICA CAMERAS AND ACCESSORIES 
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Full Field 
Illumination 
of Low Power 
Objectives 
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HE NEW AO No. 231 Auxiliary Condenser has proven so 

effective in brilliantly filling the field of 3.5X and 5X 

objectives that we are adding it as standard equipment on 
many microscope models. 


You may enjoy this new convenience on your AO 
Microscope (Series 15 and 35), for it 
is easily attached to the standard con- 
denser mount. The standard Abbe Asiaaetl Optical 
condenser is focused only once—for high cicieninian sudan 
power objectives. Then the Auxiliary surface 18, OM TORK 
Condenser is merely swung in and out of eek 
the optical path as needed. There’s no need to remove 
any substage element, or respace condenser. 
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The No. 231 Condenser is a valuable accessory. Ask your 
dealer for further information or write Dept. Z 123, 
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